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EARTHQUAKE RISK AND ITS ABATEMENT 
IN CALIFORNIA 


By HARRY O. WOOD 
RESEARCH ASSOCIATE OF THE CARNEGIE INSTITUTION OF WASHINGTON 


LONG experience has made it certain that the occur- 
rence of earthquakes in and near California, and the 
attendant risk that there is from this cause, are matters 
not well understood by a vast majority of people both 
inside the state and beyond its borders. For the most 
part non-residents overestimate and residents under- 
estimate the risk here from earth shocks. In both re- 
spects so general a want of understanding is disadvan- 
tageous to the region. From every point of view the 
situation ealls for clarification. 

Manifestly there is some risk—of death, injury and 
loss of property—in every actively seismic region 
Where very small earthquakes are frequent, somewhat 


larger ones numerous, with the occurrence of shocks 
of small destructiveness every year or two on the aver- 
age, and moderate, large and great earthquakes at 
longer and longer intervals. California is such a 
region. How great is this risk, and how is it spread? 
What can be done to abate it? 

Although the following discussion necessarily deals 
specifically with California and the immediately neigh- 
boring region, the general conclusions reached apply 
also to seismic regions elsewhere, including some other 
districts in the United States. 


1 See ‘‘ Destructive and Near-destructive Earthquakes in 
California and Western Nevada,’’ U. S. Coast and Geo- 
detie Survey, Special Publication No. 191. 
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HistoricaAL RECORD 


The historical record of earthquakes in California 
and adjoining territory does not begin until the spring 
of 1769. Since earthquakes in a seismic region are 
recurrent geologic phenomena, and so should properly 
be considered in terms of the geologic time-scale—a 


scale which can not be divided precisely or appreciated, 


in brief units of scores or even hundreds of years—the 
interval since 1769 is far too short to permit any but 
tentative conclusions to be drawn regarding the true 
degree of seismicity of the region and the correspond- 
ing risk from this. However, the record for this inter- 
val in the California region can be compared with 
those for the same interval, or similar ones, in other 
regions. On such a basis, possibly an insufficient one, 
the risk in California appears significantly less than in 
many other seismic lands such as Chile, Italy, Asia 

- Minor and Japan. Moreover, on this same basis, the 
risk in and near California is less, and less prevalent— 
especially with regard to continually impending danger 
in all places—than appears to be the wide-spread ap- 
prehension of large numbers of non-residents, as evi- 
denced by innumerable letters, inquiries, conversations, 
press comments, ete., emanating from all parts of the 
country over an interval of many years. Though earth- 
quakes can not be predicted, and a significant shock 
may occur at any time at some place within the region, 
as a matter of fact such shocks are by no means fre- 
quent in any one district and no such general appre- 
hension is warranted either by the recorded history of 
shocks or by the probability based on geological con- 
siderations. No one in California lives in continual 
dread or fear of earth shaking. 


Pusuic INCOGNIZANCE OF Risk 


On the other hand, there is some degree of risk, and 
the geographic spread of this risk over the region is 
wider than local residents generally realize. Risk is 
present in many places where people give no heed to 
it. There are several reasons for this. The historical 
record of shocks, such as it is, has not been readily 
available to most residents, and perhaps not very 
interesting to them. The great shocks, three in number, 
have occurred in different districts and at considerable 
intervals—in 1857, 1872 and 1906. The other large 
destructive shocks, about ten in number, have been 
separated fairly widely both in time and in place of 
occurrence, and this is also true in general of the 
thirty or so large to moderate earthquakes of more 
local character. Even shocks of small destructive force, 
though numerous in the region as a whole, usually 
have not affected any given small districts more than 
once in an interval of several years; and often they 
have been so small that the damage done has been very 
narrowly limited and sometimes of little moment. In 
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numerous localities people have lived for many yea, 
without suffering any damage whatever from eari}. 
quakes. The non-destructive felt shocks (excluding 
aftershocks following strong earthquakes) are 19 
often very numerous in a given place, and frequently 
they give rise only to a thrill, or hardly that. The ex. 
ceedingly numerous unfelt shocks registered by seismo. 
graphs are known to but few who are not students of 
earthquake occurrence. Memories of strong Shaking 
fade with time, or at least general awareness of such 
action dies away. The influx of population in the las 
twenty to forty years has been very large, on the whole 
increasing rapidly with the years, so that a very con. 
siderable part of the people now resident in the Cali. 
fornia region, including the younger generation, has 
practically no knowledge of the earthquake record nor 
any adequate conception of the frequency or spread 
of shocks. These things, with others, account for the 
fact that residents in many localities do not realize 
their risk. For example, quite genuinely a very great 
part of the people affected by strong shaking in the 


Long Beach earthquake in March, 1933, were surprised | 


at the occurrence of a destructive local shock centering 
so close to the thickly settled Los Angeles plain— 
though persons acquainted with the record well know 
of the earlier occurrence of even greater shocks in the 
same district. The public simply does not know or 
appreciate the wide spread of such risk as there is—a 
risk which usually can be made negligible by suitable 
precautions. 


RELATION OF EARTHQUAKES TO FAULTS 


In a large number of cases the central areas of the 
important shocks have been intimately associated with 
geologic faults, and in some with the fresh offset slip- 
ping of these faults right up to the surface. In many 
eases this is known without any doubt whatever, and 
in many more any doubt that there may be is so slight 
as to be negligible practically, while in many others 
this association with faults is indicated very strongly, 
though the information in the historical record, not 
assembled by scientific men, may be insufficient to 
demonstrate such a relationship conclusively. It s 
generally held that most earthquakes are caused by the 
sudden release of elastic strain when this becomes 
greater than the strength of the rock, or more com- 
monly of the cohesion or adhesion and friction in 4 
zone of faulting previously broken and displaced— 
with new or renewed slipping, vibration and the radia- 
tion of elastic waves from the place of rupture, the 
source or origin of the shaking. Our knowledge 01 
this point is not strictly conclusive, but this is the best 
judgment of qualified men of science, and this view 
has been widely accepted by well-informed members of 
the public. There is, however, an imperfect general 
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qnderstanding of it and its practical meaning. It 
appears to be thought by almost all laymen that danger 
from shaking is confined to the very close vicinity of 
the fault source. Thus it happens that there are many 
inquiries from more far-seeing individuals and cor- 
porations regarding the location and course of faults, 
in the desire to avoid their immediate neighorhood in 
the erection or rental of residences or other buildings 
or works of construction. Wise as this attitude is in 
many circumstances, it is not sufficiently understood 
that close proximity to an active fault—which will 
sometime give rise to a significant earthquake—is only 
one of the factors, and usually not the most important 
one, in the risk or danger from shock occurrence. Such 
risk is far more widely spread. Of course, when the 
fault slipping extends up to the very surface of the 
ground any structure which is built astride the crack or 
cracks along which displacement takes place is bound 
to be damaged or destroyed unless it is constructed so 
strongly that it can ride along on its foundations on 
one side of the crack, leaving behind its foundations 
on the other—even in such a case extensive repairs will 
almost always be required, and any occupants will be 
subjected to great hazard and a very terrifying experi- 
ence. Usually, however, the fault slipping does not 
extend up to the surface. And often, perhaps usually, 
the rocking and shaking is not so violent at the very 
innermost part of the central area, the so-called epi- 
center or epicentral tract, as at some small distance 


| away from it. Thorough discussion of this relationship 


would require much space. Brief discussion may not 


be clear to all readers. 


EARTHQUAKE WAVE-MOTION 


However, this relationship appears to be due in part 
to the angle of emergence of the shock waves—strictly 
vertical vibration being less destructive to works of 
construction, built to withstand vertical stresses, than 
inclined or horizontal vibration; but even more to the 
apparent facet, which has strong theoretical support, 
that the surface waves (which seem usually to be far 
more destructive than the elastic body waves which 
first come up to the surface from the deep source of the 
shock) are generated and developed more effectively at 
small distanees from the epicenter than at the epicenter 
itself. The size, shape and geographic location of the 


areas where these surface waves may be most effectively 


developed will depend not only upon the depth of the 
origin but also upon the mechanism or way of slipping 
of the fault. About this latter relationship we do not 
know very much as yet. 

Of these surface waves there are surely two, prob- 
ably three and possibly more kinds. There are two 
elastic surface waves, which have larger amplitudes of 


: Vibration than the original body waves. One of these 


SCIENCE 197 


vibrates parallel to the surface and at right angles to 
lines along the surface radiating from the epicenter. 
The other vibrates in elliptical paths in the vertical 
planes which radiate from the epicenter. Of these the 
second should be the more destructive. 

Further, there may be quasi-elastic, quasi-gravity 
waves of still larger amplitude. There are countless 
reports of visible surface waves which, if real, must 
be very destructive, since the amplitudes are described 
as large (up to two or more feet in the vertical) and 
the wave-lengths as short (six to twenty feet, more or 
less), the ground surface presenting a waving appear- 
ance like the disturbed surface of a body of water. 
We know positively that some of these reports are 
mistaken. It seems probable that most, if not all, are 
due to unconscious oscillatory disturbances of balance, 
perhaps to unconscious movements of the eyes, or pos- 
sibly to a purely optical effect, and that such reported 
waves did not actually occur in the ground. But it 
may be possible that they are sometimes real and if so 
they must be very destructive. 

Further still, there is little or no doubt that true 
gravity waves are set up in loose, wet ground, some- 
times with very large amplitudes and very destructive 
potentiality. Also in such bad ground sometimes per- 
manent wave-like deformation of the surface is ob- 
served accompanied by marked destructive effects. 
These phenomena are observed out to some considerable 
distance from the fault or epicenter depending on the 
size and strength of the earthquake. 

There is also the possibility of the additive or sub- 
tractive combination of all these wave motions, body 
and surface alike, especially in a shock of prolonged 
duration, increasing the violence at one place and 
decreasing it at another. The resultant effect, as a 
whole, may be very complex. 


EFFect OF FouNDATION GROUND 


From the point of view of risk, far more important 
than this complexity of wave-motion in itself, or dis- 
tance from the source (within a small range), is the 
nature of the ground at the surface. The energy or 
power of the shock, of course, is carried outward from 
the source by the several wave-motions, but the effect 
produced at the surface is very greatly different on 
different kinds of ground. Over and over and over 
again it has been observed that destructive effects are 
less on hard rock than on soft, less on soft rock than 
on alluvium or sand, greatest on marshy or filled 
ground, or “made land,” especially when the latter are 
highly charged with water. There are innumerable ex- 
amples of this, and exceptions to it are very few and 
of uncertain nature. The effects in San Francisco in 
1906 afforded striking and detailed demonstration of 
it. There was far greater contrast between the damage 
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caused on the rocky summit of Telegraph Hill and 
that on the wet “made land” near the Ferry Building— 
places distant about ten miles from the fault source 
and less than a mile from each other—than there was 
on rock or firm ground over a range of twenty miles 
or more eastward from the Cliff House (which stood 
some four miles east from the fault). All over the 
area of the city the damage was far more closely related 
to the kind of ground at the surface than it was to 
the distance from the origin of the shaking. It is 
true, of course, that when large ranges of distance from 
the earthquake source are considered, near localities are 
more severely affected than far ones; but very bad 
ground not too distant is a much worse foundation 
than very good ground quite close at hand. These facts 
can not be emphasized too strongly. 


GEOGRAPHIC SPREAD OF RISK 


It is for the reasons given above that such risk as 
exists is spread far more widely than is generally 
known or appreciated. Further, active faults are more 
numerous than is generally known, and many of them 
are not shown clearly at the surface. Some probably 
are yet unrecognized, for some have become known only 
within the last ten to twenty years. A given locality 
may be safely distant from one potential source, ques- 
tionably near another and dangerously close to a third. 
Not all such sources are equally dangerous, but close 
proximity to the source of a small or moderate de- 
structive shock may be more dangerous than moderate 
proximity to the source of a really great shock, foun- 
dation ground and building structures being the same 
in both eases. Close proximity of inhabited places to 
the origins of earthquakes like those which affected 
Santa Barbara in 1925 and Long Beach and numerous 
neighboring cities and towns in 1933, shocks of only 
moderately large total energy ‘which, nevertheless, 
were destructive over comparatively small areas and 
of fairly high strength or intensity locally, show this 
clearly. Had the Long Beach shock been one of large 
total energy a great disaster would have resulted. 

The wide spread of what risk there is from earth 
shaking in the California region is not a matter of 
hypothesis—it is a fact proved by the historical record. 
Since the earliest shock recorded in 1769, more than 
two hundred destructive and near-destructive earth- 
quakes have occurred in and near California, including 
the forty-odd great, large and moderate shocks pre- 
viously referred to. (Such shocks as the Santa Bar- 


bara and Long Beach earthquakes belong in the group 
of about 30 moderately strong local shocks). 

For many years after 1769 inhabited places in Cali- 
fornia were few, small and mostly separated by large 
distances. With the gold rush in 1849 people began to 
come in much larger numbers, but only within the last 
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two or three decades has the population influx pee, 
really large and the number of cities, towns and village, 
become numerous and closely spaced. This applic 
with special force to the southern part of the state 
Even to this day a great part of the area of Californi, 
and adjoining territory is practically uninhabited 
desert, mountain, forest, range and scantily peoplej 
ranch land. Notwithstanding all this the inhabite 
places where damage from shock has been reported, a 
one time or another from 1769 onward, are so numer. 
ous and so widely and generally spread throughout the 
state that hardly any settled district can be considered 
free from some risk. This remains true, even whey 
the comparatively large areas violently or strongly 
shaken during the dozen or so greater shocks are dis. 
regarded. Moreover, such a historical record as we 
have, under the circumstances outlined above, shows 1; 
only the absolute mimimum of the geographic spread 
of risk, for the time interval is very short, approxi- 
mately 170 years, population for a long time was smal] 
and sparsely distributed, and the body of information 
is very, very incomplete. Many places now inhabited 
must have been shaken strongly in the earlier years 
before their settlement, as well as places still unsettled 
by shocks of which we have no adequate record, or none 
at all. If a map could be prepared to show al! places 
in which shaking strong enough to damage structures 
has oceurred since 1769 (if structures had been present 
like those which have been damaged from time to time 
in the past) a very large part, perhaps almost all, of 
California and western Nevada would be included. 


GEOGRAPHIC VARIATION IN RISK 


Although such risk as there is is general and wide 
spread it is not everywhere the same. Between the 
extremes of greatest risk and least the margin may be 
wide, and probably it is; but it is extremely difficult 
with present knowledge to appraise the degree of risk 
for this, that or the other locality or site. No one 
knows where or when destructive shocks will originate, 
nor how large or strong they will be. Consequently 
no one can say when a particular locality or site wil 
be shaken, nor how strongly. We do know some faults, 
such as the San Andreas, along parts of which strong 
earthquakes must originate in the future, as in tle 
past; but we do not know when, nor which part wil 
be affected on any particular occasion, nor hov 
strongly. Other faults are under suspicion. Stil 
others probably exist which are quite unknown to 5 
now. | 

The important thing which we do know is that “mate 
land” and fills, especially when water-soaked, are ¢él 
tainly dangerous in some localities and probably evely- 
where; that loose water-charged natural ground is 
more dangerous than dry compact ground; that soft 
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rock is less dangerous, and hard rock least dangerous 
of all. A well-designed and well-built structure on a 
good rock foundation near the source of a strong earth- 
quake is, in general, in much less danger than a poorly 
designed, poorly built structure on bad foundation 
ground considerably more distant from the source. 
Thus, although there is some risk almost everywhere in 
the region—on the basis of the historical record the 
average risk is not great, nor danger always impend- 
ing at all places. Such as it is, the risk can be greatly 
reduced if the facts are recognized and suitable pre- 
cautions taken. On the other hand, if the facts go 
unrecognized or are disregarded, sooner or later earth- 
quakes will take their toll. For example, the San 
Francisco shock occurred in 1906; in earlier years, as 
a matter of history, the Los Angeles plain district had 
been shaken strongly on several occasions. This was 
forgotten or disregarded. A great majority of the 
buildings and structures damaged there by the Long 
Beach earthquake in 1933 had been built later than 
1906. Had the lessons of 1906 been applied to this 
recent building in the cities and towns of the Los 
Angeles plain very little damage need have occurred, 
with little or no loss of life and comparatively few 
injuries. 
ABATEMENT OF Risk 


Earthquakes can not be prevented, precipitated nor 
controlled—nor predicted except in a broad general 
way. The population in California is certain to in- 
crease greatly, and more and more cities, towns and vil- 
lages will come into existence, and most existing centers 
will grow. Even the rural districts will become much 
more occupied by people. It follows that the thing 
to do is to build well and suitably on good ground 
wherever possible and to take special and adequate 
precautions in all cases where it appears necessary to 
build on doubtful or actually bad ground. (There is 
some ground, like the narrow surface zone of the San 
Andreas fault, where no important buildings should be 


@built at all). At the present time this applies to all 


parts of the whole region, even though in the far dis- 
tant future it may gradually become certain that some 
districts are, practically speaking, really safe from 
destructive shaking. 

Unfortunately, there is one aspect of the risk as it 
now exists that will require time for abatement—even 
if the publie should now become thoroughly cognizant 
of danger from shocks and remain always alert. Dur- 
ing the rapid growth of population in recent years, at 
an ever inereasing pace, all sorts of buildings and other 
works of construction have been built in great number 
on all kinds of foundation ground. Some construction, 
good from the earthquake point of view, is on good 
ground, some on bad ground, some on ground of inter- 
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mediate quality. Similar statements hold for construc- 
tion of intermediate, and of bad design and workman- 
ship. Some of this construction can be greatly 
strengthened at low or moderate cost; some can not. 
Immediate removal and replacement of all risky con- 
struction is a physical and economic impossibility. In 
the course of time all of it will be removed and most 
of it replaced. If, beginning now, all replacement is 
of construction suitable to resist earthquake shaking— 
gradually the risk will diminish toward a minimum. 
While we can hardly expect the maximum rate of 
abatement of risk in this way to be realized, important 
improvement in this regard can certainly be achieved. 
It should be stated that a beginning has been made and 
some progress achieved in the improvement of building 
codes and legal requirements for the construction of 
schools and other public buildings, but what is really 
required is general public realization and demand for 
suitable design and construction under all cireum- 
stances. 

For the future the only safe procedure is to design 
and build well on good ground and with especial pre- 
caution on doubtful ground. There is still much to 
learn as to the better and best ways to design and con- 
struct. Studies to this end must go forward steadily 
even though a good deal is known now. 


VALUE OF INSURANCE 


Some protection against property loss and personal 
injury—and provision for dependents and heirs in 
case of death—can be obtained from insurance, but at 
best this recognizes risk of destructive effects, and 
these can be prevented in large measure though not 
eliminated completely by taking into account the wide 
spread of the danger from shaking and everywhere 
building well with this in mind. Even from the point 
of view of insurance this is the best procedure by far, 
for insurance rates will in time become much lower on 
good ground and good construction. The best insur- 
anee is suitably good construction, and the added cost 
on new structures is only a small percentage of the 
total investment. For a long time to come, however, 
some recourse to insurance policies will be judged 
necessary or desirable in a great many cases. So long 
as bad constructional conditions, taking foundation 
ground into account, remain existent individuals and 
corporations ean protect themselves in considerable 
measure by selection in the purchase or rental of prop- 
erty and by recourse to insurance. The ideal, however, 
is the general lessening of danger by good new con- 
struction and the strengthening or replacement of old 
weak structures at the quickest practicable rate. From 
every unselfish point of view the enlightenment of the 
publie regarding the true spread of risk and how to 
combat it is emphatically desirable. 
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MISLEADING STATISTICS 


Present statistics, resting on far too slight a basis, 
indicate the risk to life and limb in California to be 
small—ridiculously small, less than the risk from com- 
mon trivial diseases. But this is not a true picture. 
It is due to the past occurrence of the small number 
of greater shocks at fortunate times of day. Had the 
Long Beach earthquake, or that at Santa Barbara, for 
example, to say nothing of the San Francisco shock, 
oceurred at unfavorable hours the statistical story 
would be a very different one. Energetic shocks will 
not always continue to occur at most favorable times 
of day. Some time one will happen when people are 
in the streets, or in theaters, churches, schools, ete. 
Once again the answer is the same. If all buildings 
are well built the risk will be small. Even panie will 
be reduced. If bad or unsuitable construction is gen- 
eral disaster or catastrophe will result. The moral is— 
design and build well on good ground, and in case of 
doubt insure. There is no other way to security. 

To conclude—necessarily the greater part of this 
article deals with the risk that there is, its geographic 
spread over the region, and what can be done to lessen 
it. It is very desirable to fix the attention of residents 
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upon the actual situation and to persuade them 4 
courses of procedure which will ensure greater rf) 
greater safety. On the other hand, as stated ip y, 
beginning, the risk from earthquake occurrence jy j, 
California region, though more general and widesprey 
than most residents realize, is nevertheless much smaljp 
than most non-residents and some local people Cn, 
monly think—far less than the risk in many other pax 
of the country from hurricanes, floods, tornadoes yj 
other natural causes of disaster. In justice to (yj 
fornia and neighboring territory emphasis must \/i 
placed upon these facts. It would be unfair to yi 
region if efforts to seeure in it safe building and om 
structional procedure should be construed as a wariy Iii 
of danger of great magnitude constantly impending 4 fig 
all places. While no one ean foretell the future (iM: 
earthquake occurrence in any practical way, the his : 
torical record since its beginning in 1769 gives no wy. 
rant for such alarm or serious apprehension. Al thy 

is warranted is recognition that earthquakes will «St 
tinue to occur in the future as they have occurred » i 
the past and that safety from the shaking requity 
good judgment in the selection of sites-and the ado 
tion of suitable resistant methods of construction. 


THE ROLE OF AEROBIC PHOSPHORYLATION | 
IN THE PASTEUR EFFECT 


Dr. MARVIN J. JOHNSON r 
UNIVERSITY OF WISCONSIN 


A DECREASE in rate of carbohydrate utilization upon 
admission of oxygen is characteristic of many tissues. 
The various mechanisms which have been proposed 
for this Pasteur effect have been adequately reviewed 
by Burk. It is the purpose of this note to call atten- 
tion to a possible mechanism which does not appear 
to have been specifically mentioned elsewhere. 

This mechanism is, in short, the following: If both 
aerobic and anaerobic carbohydrate breakdown are 
necessarily phosphorylative processes, inorganic phos- 
phate and a phosphate acceptor are essential reac- 
tants; in their absence neither glycolysis nor oxida- 
tion could proceed. The Pasteur effect could then be 
regarded as the cessation or reversal of glycolysis 
which takes place when concentrations of inorganic 
phosphate and phosphate acceptors become low be- 
cause of the phosphorylative oxidations which occur 
in the presence of oxygen. The necessary conditions 
for the operation of this mechanism are: 


(1) The glycolysis reactions must be readily reversible. 


1D. Burk, Cold Spring Harbor Symposia on Quantita- 
tive Biology, 7: 420, 1939. 


(2) Phosphorylation (esterification of inorganic phi 
phate) must be an essential step in both the glycolytt Mijgo 
and the oxidative processes. t 

(3) The oxidative phosphorylation reactions must hy, 
capable of reducing the inorganic phosphate (and phi 
phate acceptor) concentration to a level lower than tli! 
attained at glycolytic equilibrium. That is, oxidatit 
phosphorylation must be possible at inorganic phosphilt 
concentrations too low to permit glycolytic phosphoryi# 
tion. 

(4) The number of molecules of phosphoric stl 
esterified when one molecule of carbohydrate is oxidistl 
must be greater than the number esterified when one ¢ 
bohydrate molecule is glycolized. 

(5) The same reservoirs of phosphate ester, inorgatl 
phosphate and phosphate acceptor must be available 
both the glycolytic and the oxidative enzyme systems. 


An adequate discussion of the likelihood that the 
conditions are actually fulfilled in isolated must 
ean not be given here. Each point can be given only 
the briefest consideration. 

(1) The glycolysis reaction may be summarized ) 
the following equation: 
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Glycogen + 3 H,PO,+3 creatine = 2 lactic 
acid + 3 phosphocreatine* 


The participation of hydrogen ions is neglected for 
implicity, although their inclusion would strengthen 
he argument.) The reactions summarized by the 
hove equation, like any series of enzymatically 
atalized reactions, must necessarily be reversible. 

Whether appreciable reversal can take place under 
physiological conditions depends upon the position of 

he equilibrium point. That the equilibrium falls, in 
muscle glycolysis, well within the physiological range 
»f reactant concentrations is elegantly illustrated by 
such data as those of Lundsgaard,? which show that 
ifter muscular work, glycolysis proceeds only to -a 
jefinite equilibrium point. High concentrations of 
actate oceur only in the presence of high concentra- 
ions of creatine and inorganic phosphate (and low 
oneentrations of phosphocreatine). High phospho- 
reatine concentrations and low phosphate concentra- 
ions permit the formation of only a limited amount 
of lactic acid. Experimental demonstrations of the 
ready reversibility of a number of component reac- 
tions of the glycolytic process have been given by 

‘ori and Cori,? Ohlmeyer,* Meyerhof e¢ al.,> and 
others. 

(2) Phosphorylation has long been recognized as a 
iecessary component part of the glycolysis process. 
It has also been known that aerobic muscle recovery 
involves phosphorylation. Thus, Meyerhof and Nach- 
mannsohn® showed in 1930 that the oxygen uptake 
which resulted when oxygen was admitted to fatigued 


Snuscle brought about an amount of phosphocreatine 


esynthesis which was proportional to the amount of 
oxygen used. The mechanism of this phosphoryla- 
tion is stil unknown. Kalekar? and Colowick, Welch, 
and Cori®® have shown phosphorylations to be in- 
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volved in biological oxidative processes. While it has 
not been shown that phosphorylation is an absolutely 
essential step in these oxidations, such an assumption 
at least does not appear too difficult. 

(3) The fact that aerobic phosphorylations are 
able® to restore muscle phosphocreatine concentra- 
tion to the resting level (with corresponding depletion 
of inorganie phosphate and creatine), while glycolytic 
phosphorylation stops far short of this achievement, 
seems sufficient evidence that oxidative phosphoryla- 
tion is capable of operating at lower inorganic phos- 
phate levels than is glycolytic phosphorylation. 

(4) The number of molecules of inorganic phos- 
phate esterified when one molecule of carbohydrate is 
completely oxidized has not as yet been accurately 
determined. Meyerhof and Nachmannsohn® con- 
cluded that the number is at least 24 (4 to 5 molecules 
of phosphocreatine synthesized for each O, molecule 
used). There are, however, a number of reasons for 
believing that this figure may be too high. Colowick, 
Welch, and Cori® recently obtained roughly two mole- 
cules of phosphate ester per molecule of O, used in 
pyruvate oxidation. Whatever the true figure may be, 
there seems to be little doubt that the number of 
aerobic phosphorylations per sugar molecule far 
exceeds the number of anaerobic phosphorylations (3 
for glycogen, 2 for glucose). 

(5) The availability of the same phosphate reser- 
voir in muscle to both aerobic and anaerobie systems 
seems to be clearly demonstrated by the fact that 
either aerobic or anaerobic phosphocreatine resyn- 
thesis is possible. 

On the basis of the above assumptions, the reactions 
taking place in isolated muscle could be expressed by 
the diagram below. 

When a resting isolated muscle is stimulated, work 





(1) 3 H,PO,+3 creatine + glycogen _ 


~2 lactic acid + 3 phosphocreatine 








| 





phosphocreatine 





(2) H,PO,+ creatine <— 
) 
: 


(3) 2 H,PO, + & creatine + glycogen + 6 O, 








“In the present note the simplifying assumption will be 
made that phosphocreatine, the chief esterified phosphorus 
sepiegl of muscle, is the only reservoir; the intermedia- 
lon of such compounds as adenosinetriphosphate will be 
neglected. Since the various phosphate esters are in 
«chee with one another, this assumption is permis- 

oe Lundsgaard, Biochem. Z., 233: 322, 1931. 

& - T. Cori and OC. F. Cori, Jour. Biol. Chem., 135: 733, 

4 Ohlmeyer, Biochem. Z., 283: 114, 1935. 
og, 0, Meyerhof, P. Ohlmeyer und W. Mohle, Biochem. Z., 
“97: 113, 1938, 

; Fe and D. Nachmannsohn, Biochem. Z., 222: 


’ 


(muscular or other metabolic work) 


| 


6 CO,+5 H,O+2 phosphocreatine 





Se 


is done at the expense of energy of phosphorylation 
(reaction 2). Anaerobic restitution (reaction 1) 
immediately sets in, and proceeds rapidly toward the 
right until equilibrium is reached. - At equilibrium, 
very considerable concentrations of inorganie phos- 
phate and creatine still remain. If oxygen is now 
admitted, aerobic restitution (reaction 3) begins. 





7H. Kalekar, Enzymologia, 6: 209, 1939. 

8S. P. Colowick, M. 8. Welch and C. F. Cori, Jour. Biol. 
Chem., 133: 359, 1940. 

98. P. Colowick, M. S. Welch and C. F. Cori, Jour. Biol. 
Chem., 133: 641, 1940. 
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The resulting reduction in inorganic phosphate and 
creatine and increase in phosphocreatine displaces 
the equilibrium of reaction 1 toward the left. Glyeo- 
gen resynthesis then begins, the inorganic phosphate 
thus produced being continuously reesterified by reac- 
tion 3. The mechanism of energy coupling is clear. 
A part of the energy of carbohydrate oxidation is 
converted to energy of phosphorylation by the 
aerobic phosphorylation mechanism. This energy of 
phosphorylation is then expended in resynthesizing 
glycogen from lactic acid. 

In a steady state of rest or low work output, under 
aerobic conditions, glycolysis would be regulated by 
the fact that the aerobic phosphorylations ean pro- 
ceed at a lower concentration of inorganic phosphate 
than is compatible with an appreciable glycolysis 
rate. Furthermore, the rate of carbohydrate oxida- 
tion will be limited by the available concentration of 
inorganic phosphate. It would thus necessarily fol- 
low that oxidation is slow in the resting state because 
of the lack of the inorganic phosphate which is essen- 
tial to the phosphorylative oxidation process. Only 
the liberation of inorganic phosphate concomitant 
with metabolic work would permit acceleration of 
carbohydrate oxidation. When the rate of inorganic 
phosphate liberation exceeds the rate of oxidative 
phosphorylation, the resulting accumulation of phos- 
phate will accelerate glycolysis. 

In view of the foregoing, the mechanism of the 
Pasteur effect in muscle and other tissues is readily 
outlined. Since oxidative phosphorylation is more 
energetic (i.e., capable of attaining a higher phospho- 
creatine-creatine ratio) than glycolytic phosphoryla- 
tion, the admission of oxygen to muscle rapidly re- 
duces the level of inorganic phosphate and raises the 
phosphocreatine-creatine ratio until a point is reached 
where glycolysis must begin to reverse. Since the 
number of molecules of phosphoric acid esterified per 
molecule of carbohydrate consumed is much larger in 
oxidation than in glycolysis, a much lower rate of car- 
bohydrate disappearance suffices to maintain a high 
phosphorylation level in the face of the energy de- 
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mands for muscular work or other energy-consyy; 

reactions. One measure of the Pasteur effect js t,, 
number of carbohydrate molecules protected fro, 
glycolysis per carbohydrate molecule oxidized. yj, 
quotient should be equal to the ratio of the numbe 
of molecules of phosphoric acid esterified when , 
carbohydrate molecule is oxidized to the numbe 
esterified when a carbohydrate molecule is glycolize 

When yeast grows anaerobically its sole source of 
energy is, as far as present knowledge goes, the ty) 
molecules of phosphate ester which are produc) 
when one molecule of glucose is converted into ethyl 
alcoho] and carbon dioxide. ~ In other words, th 
yeast cell seems able to utilize energy of phosphory\;. 
tion for every energy requirement of its metabolisy, 
It is only reasonable to suppose that aerobically, the 
energy uf phosphorylation used by the cell is supplied 
by the phosphorylations accompanying aerobic oxid. 
tion. If the respiratory mechanism of yeast is similar 
to that of animal tissue, it may be assumed that the 
number of aerobic phosphorylations is sufficiently 
large to account for the decreased fermentation 
observed’? for yeast under aerobic conditions. 

The Pasteur effect in yeast, as in muscle, would thus 
be interpreted as following from the fact that, aerobic. 
ally, a relatively low rate of sugar utilization suffices 
to reesterify phosphate as rapidly as it is liberated 
by energy-consuming metabolic reactions. 

Since the foregoing was submitted, the paper of 
Colowick et al. (Jour. Biol. Chem., 137, 343, 1941) has 
appeared, in which it is concluded that at least 10 
atoms of phosphate are esterified per glucose molecule 
oxidized. This is supporting evidence for point (4) 
above. Moreover, Cori (Biological Federation Annu: 
Meeting, Chicago, April, 1941) has announced the ex- 
perimental reversal of the conversion of glucose-l- 
phosphate into glucose-6-phosphate (point (1) above), 
and has independently reached the conclusion that e1- 
ergy of aerobic phosphorylation is utilized for carbo- 
hydrate resynthesis. Once this conclusion is reached, 
it becomes difficult to escape consideration of the i- 
terpretation of the Pasteur effect outlined above. 


OBITUARY 


GEORGE ELLETT COGHILL 


GrorGE ELLeTT Cocuitt belonged to that small and 
select group of seientific workers who at the beginning 
of a fruitful career formulate a specific program of 
research with a clearly defined objective and thereafter 
devote themselves consistently and unfalteringly to 
intensive investigation of the chosen theme. In his 
ease the problem has so wide implications and the 
results of the inquiry are of so great interest in fields 
as far apart as comparative embryology and human 


motivation that it may safely be said that his work 3 
one of the major American contributions to fundé- 
mental biology. 

After completing the classical course at Brown Uni- 
versity and a year of study in a conservative theolog' 
cal seminary, he found further effort in this directio 
unsatisfying. In perplexity and mental agitation be 
retired to the open spaces of the Southwest, where be 
spent five months of vagrant wandering in norther™ 


10 Q, Meyerhof, Biochem. Z., 162: 43, 1925. 
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New Mexico. With horse and camp equipment he 
drifted as the mood directed, alone with his thoughts 
most of the time, but accompanied occasionally by his 
younger brother Will, who was then beginning his 
engineering education. This thinking in solitude cul- 
minated in the resolve to study the nervous system as 
a biological approach to a scientific psychology and a 
naturalistic philosophy. 

This was in late summer, 1897, when a chance meet- 
ing with the president of the Territorial University at 
Albuquerque opened the way toward the accomplish- 
ment of his purpose. Three years of apprenticeship 
with President C. L. Herrick fixed his resolve and 
defined the objective. Returning to Brown University, 
he earned the Ph.D. degree in zoology, then taught 
zoology in three colleges, anatomy at the State Uni- 
versity of Kansas, and later occupied a research posi- 
tion at the Wistar Institute of Anatomy and Biology. 

He was born at Beaucoup, Illinois, on March, 17, 
1872. The academic record includes, A.B., Brown 
University, 1896, Ph.D., 1902; M.S., University of 
New Mexico, 1899, assistant professor of biology, 
1899-1900; professor of biology, Pacific University, 
Oregon, 1902-1906; professor of biology, College of 
Arts, and of embryology and histology, College of 
Medicine, Willamette University, Oregon, 1906-1907 ; 
professor of zoology, Denison University, Ohio, 1907- 
1913; associate professor of anatomy, Kansas State 
University, 1913-1916, professor, 1916-1925, head 
of the department of anatomy and secretary of the 
School of Medicine, 1918-1925; professor of com- 


| parative anatomy, Wistar Institute, Philadelphia, 


1925-1935. Broken in health, he retired in 1936 to 
Gainesville, Florida, where he built a dwelling and a 
small private laboratory and continued his research 
program as strength permitted until his death, July 
23,1941. Honorary Se.D. degrees were received from 
Pittsburgh, Denison and Brown Universities. He was 
a member of the National Academy of Sciences, 
American Philosophieal Society, American Associa- 
tion of Anatomists (president, 1933), American So- 
ciety of Zoologists, American Neurological Association 
(associate) and other scientific societies. He was 
editorially connected with the Journal of Comparative 
Neurology from 1904 until his death and was manag- 
ing editor from 1927 to 1933. 

The task to which Dr. Coghill addressed himself 
can be stated very simply—the correlation of develop- 
ment of patterns of behavior with the progressive 
differentiation of the organs which execute the be- 
havior. He selected for intensive study a primitive 
and generalized animal in which the essential features 
are reduced to simplest terms, the salamander, Ambly- 
stoma. In this choice he showed insight, for during 
the span of the forty years of his labor this has proved 
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to be the most serviceable type for a wide range of 
experimental researches. In this program he broke 
new ground in both aim and methods of work. 

The first step was the determination upon statisti- 
cally adequate numbers of specimens of the actual 
sequence of development of patterns of overt behavior 
characteristic of this species. A series of specimens, 
each of which was known by test to have reached a 
specific stage in this physiological scale, was then 
examined microscopically to detect the structural 
changes in internal organization correlated with the 
suecessive steps in the growth of the action system. 

Most of the factual material published is included 
in the twelve parts of his “Correlated Anatomical and 
Physiological Studies of the Growth of the Nervous 
System of Amphibia.”! These papers are models of 
close, accurately controlled observation and clear de- 
scription, but the technical details are hard reading 
for any but experts in the field. As the mass of data 
began to reveal meaning to his mind he published from 
time to time brief summaries and interpretations. 
These papers are listed in the bibliography to be pub- 
lished.? The most important of them are the lectures 
on “Anatomy and the Problem of Behavior’ delivered 
in London (Cambridge University Press, 1929) and 
the presidential address before the American Associa- 
tion of Anatomists on “The Neuro-embryologie Study — 
of Behavior: Principles, Perspective and Aim.’”® 

This was pioneer work, the first and until now the 
most complete account of the actual relationship be- 
tween progressive differentiation of bodily structure 
and the operations of that structure as manifested in 
the maturation of patterns of overt behavior. The 
accuracy of the observations has been checked by 
numerous other observers and the conclusions drawn 
from them seem to be valid for the material studied. 
Caution must be observed in the extension of these 
principles to animals differently organized and with 
different developmental history. These questions will 
be clarified in due time, for many similar studies are 
now in process on the development of other animals 
from fishes to man. 

The most important and far-reaching result of this 
series of researches is the impressive demonstration of 
the unity and integrity of the organism, the dominance 
of the “total pattern” over “partial patterns” at all 
stages of normal development, and illustrations of 
types of structural organization which perform both 
the integrative and the analytic functions. Dr. Cog- 
hill’s original interest in the psychological and philo- 
sophical implications of his observations never waned, 
but unfortunately little of his thinking in these fields 


1 Jour. Comp. Neur., 1914-1936. 
2 Jour. Comp. Neur., Vol. 75, October, 1941. 
8 ScreNcE, Vol. 78, 1933. 
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came to expression in print. Scattered comments in 
his lectures and theoretic papers show that his com- 
prehension of the significance of his observations for 
psychology and philosophy was clear-cut and pro- 
found. 


C. Jupson Herrick 
THE UNIVERSITY OF CHICAGO 


HARRY MILTON WEGEFORTH 


Harry Mitton WeceErorTH, M.D., born in 1882, in 
Baltimore, Maryland, died in San Diego, California, 
on June 25, 1941, at the age of 59. He was a graduate 
of Maryland University in 1906. He practiced as 
physician and surgeon in San Diego from 1910 until 
1935. 

In 1916 he became interested in founding, organiz- 
ing and developing the San Diego Zoo. He served as 
its president from its inception until his death, nearly 
25 years. His first objective for the Zoo was to make 
it of value to the children of the community. To 
attain this objective, he pioneered many modern pro- 
cedures; barless moated grottoes, animal family 
groups and lecture bus trips. To make the Zoo more 
realistic, he obtained plants from the countries from 
which the animals came and tried to make the entire 
background reflect the home environment. 

He sponsored an animal hospital and research 
laboratory making available full utilization of animal 
exhibits both during exhibition and death for scientific 
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study. Research fellowships made possible the study 
of special problems in animal health. 

By his leadership and example, he gained the ¢, 
fidence and support of the many friends that hay, 
made the San Diego Zoo a monument to his memory. 

W. C. Cranpaty, 


LA JOLLA, CALIF. 


RECENT DEATHS 


Dr. CHARLES Brancu WILSON, biologist, from 1897 
to 1932 head of the department of science of the 
Massachusetts State Teachers College at Westfield, 
died on August 18 in his eightieth year. 


Dr. Exvuison ApGEeR SMyTH, JR., until his retire. 
ment in 1925 professor of biology and from 1903 t 
1906 dean of the faculty at Virginia Polytechnic Insti. 
tute, died on August 19 at the age of seventy-seven 
years. 


Dr. JoHN Morpuy SNELL, since 1937 research 
chemist of the Eastman Kodak Company, died on 
August 8 in his thirty-fifth year. 


A CORRESPONDENT writes: “Dr. Mataro Nagayo, 
formerly president of the Tokio Imperial University, 
Japan, director of the Japanese Foundation for Can- 
cer Research, and the editor of Gann, the Japanese 
journal of cancer research, died on August 16 at the 
age of sixty-three years. In recognition of Dr. 
Nagayo’s achievements, the Emperor of Japan con- 
ferred on him the title of Baron.” 


SCIENTIFIC EVENTS 


FIELD WORK IN GEOLOGY IN CANADA 


A proGRAM of field work comprising the mapping 
and examination of many thousands of square miles 
of mineral areas throughout the Dominion of Can- 
ada is being undertaken this year by the Mines and 
Geology Branch, Department of Mines and Resources, 
Ottawa. Twenty-seven geological parties and nine 
topographical parties have been assigned to the work. 
A feature of the program is the investigation being 
made of possible commercial sources of tungsten, 
chromite and manganese, three of the strategic min- 
erals, the production of which in Canada has been 
small. | 

Two of the geological parties are working in the 
Northwest Territories, one in Yukon, six in British 
Columbia, four in Alberta, one in Saskatchewan, one 
in Manitoba, two in Ontario, six in Quebec, one in 
New Brunswick and three in Nova Scotia. Two of 
the topographical parties have been assigned to 
British Columbia, two to Alberta, three to Quebec 
and two to Nova Scotia. 

The program includes the following projects: 


In British Columbia five of the geological parties are 
engaged in the mapping of areas in which deposits of mer- 
cury, chromite, gold, copper and other minerals occur, 
as an aid to prospecting and development. The areas 
are being mapped on a four-mile scale and have a total 
area of approximately 15,000 square miles. Another 
party is reexamining the geology of an important gold- 
producing area. A. F. Buckham is reexamining the Bar- 
kerville gold belt in the Cariboo district. Since 1934, when 
the area was last examined, its gold production has shown 
a threefold increase and developments at depth have dis- 
closed structures, the relationship of which to the gold 
deposition is not clearly defined. The work in Alberta 
and Saskatchewan is part of the general effort to aid in 
the search for new oil fields. The Province of Alberta is 
the source of about 96 per cent. of Canada’s annual out- 
put of crude petroleum. 

In Quebee the geological and topographical exploration 
of the 40,000-square mile region east of James Bay, i 
charge of G. Shaw and J. Carroll, is one of the largest 
projects undertaken by the Mines and Geology Branch in 
recent years. The purpose is to produce an 8-mile-to- 
the-inch exploratory map; to outline areas favorable for 
prospecting, and to indicate the main travel routes. At 
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the request of the Metals Controller, investigation of the 
chromite deposits of southeastern Quebec is being con- 
tinued. C. H. Stockwell is making the detailed investiga- 
tions of the chromite-bearing rocks and is carrying out 
geophysical work for the purpose of locating deposits of 
the mineral. J. W. Ambrose is examining the igneous for- 
mations in which chromite occurs. 

In New Brunswick F. J. Alcock is supervising the pros- 
pecting for deposits of manganese along the northwestern 
flank of Caledonia Mountain. The project is being under- 
taken at the request of the Provincial Government. 

In the Yukon H. 8. Bostock is continuing the geolog- 
ical mapping of the MeQueston area near Keno on a four- 
mile scale. Rocks in the area contain tungsten, silver, lead 
and other minerals. He is also investigating occurrences 
of placer tungsten on Canadian Creek and is collecting 
information for use in a report on mining operations in 
Yukon. 

In the Northwest Territories A. W. Jolliffe has been 
engaged in investigating the Gilmour Lake area about 
fifty miles due east of Yellowknife settlement as an im- 


mediate source of scheelite, an ore of tungsten. 


THE AMERICAN COORDINATING COM- 
MITTEE ON CORROSION 

Tue third annual meeting of the American Coordi- 
nating Committee on Corrosion was held on August 6 
at Gibson Island, Md. The meeting .was planned to 
coincide with the first Symposium on Corrosion, spon- 
sored by Section C of the American Association for 
the Advancement of Science with the assistance of this 
coordinating committee. Dr. R. M. Burns, assistant 
chemical director of the Bell Telephone Laboratories, 
was chairman of the symposium. It was attended by 
approximately seventy invited specialists. The co- 
ordinating committee has offered its services to Sec- 
tion C to insure similar symposia in future years. 

At the official committee meeting Dr. F. N. Speller, 
representing the American Chemical Society and the 
National Research Council, was reelected chairman for 
the year 1941-42; Dr. R. M. Burns, representing the 
Electrochemical Society, was named vice-chairman; 
and Dr. G. H. Young, of the Mellon Institute of 
Industrial Research, was named secretary-treasurer. 
Committee headquarters are at the Mellon Institute, 
Pittsburgh, Pa. 

The committee was organized three years ago under 
the auspices of the American Society for Testing 
Materials to coordinate research activities in this field, 
and is patterned after similar organizations abroad. 
It has been functioning as an independent body for 
the past two years. As its first contribution, it un- 
dertook to survey existing investigations on corro- 
sion in this country. Requests for information were 
submitted to some six hundred individuals and com- 
panies, through the executive offices of the member 
organizations of the committee. From the data thus 


accumulated the committee issued in 1940 a confiden- 


SCIENCE 205 


tial directory of corrosion investigators and a classi- 
fied list of subjects, which was sent to all those offi- 
cially listed in the directory. This directory has now 
been expanded to include additional investigators and 
to broaden its subject classification. The revised di- 
rectory was released on August 15. 3 

The committee is at present composed of official 
delegates from the American Chemical Society, Amer- 
ican Electroplaters Society, American Foundrymen’s 
Association, American Gas Association, American In- 
stitute of Chemical Engineers, American Institute of 
Electrical Engineers, American Institute of Mining 
and Metallurgical Engineers, American Soeiety of 
Heating and Ventilating Engineers, American So- 
ciety of Mechanical Engineers, American Society for 
Metals, American Society of Refrigerating Engineers, 
American Society for Testing Materials, American 
Water Works Association, American Welding So- 
ciety, Battelle Memorial Institute, Copper and Brass 
Research Association, Electrochemical Society, Mellon 
Institute of Industrial Research, National Bureau of 
Standards, National District Heating Association, 
National Research Council, Society of Automotive 
Engineers and the Technical Association of Pulp and 
Paper Industry. 


REPORT OF THE SUBCOMMITTEE ON EDU- 
CATION FOR SERVICE OF THE AMERI- 
CAN MATHEMATICAL SOCIETY AND 
THE MATHEMATICAL ASSOCI- 
ATION OF AMERICA 


A ReEporT of activities and recommendations was 
recently presented to Professor Marston Morse, chair- 
man of the War Preparedness Committee of the 
American Mathematieal Society and the Mathemati- 
cal Association of America by its Subcommittee on 
Education for Service. The active members of the 
subcommittee, who subscribe unanimously to the 
report are: R. S. Burington, H. B. Curry, E. C. 
Goldsworthy, W. L. Griffin, W. L. Hart, M. H. Ingra- 
ham and E. J. Moulton. 

According to the report: 


In arriving at an estimate of the mathematical back- 
ground which is desirable for workers in government and 
industry, and for officers and enlisted men in the Army 
and Navy, we recognize the validity of the following peda- 
gogical viewpoint: In order that an individual may be 
able to use effectively any particular body of technique, 
his school training should extend a reasonable distance 
beyond the level of difficulty at which he will apply the 
technique. Thus, if we wish to prepare a student so that, 
later, perhaps after some review, he can use elementary 
algebra, he should be exposed to advanced algebra, or to 
some other mathematical subject with elementary algebra 
as a prerequisite. This pedagogical viewpoint is at 
variance with emergency actions which would attempt to 


206 SCIENCE 


give men the bare minima of mathematical techniques 
necessary for a formal approach to their applications. An 
emergency justifies any remedial action, but our efforts 
should be directed toward making it unnecessary to use 
hazy emergency shortcuts to mathematical procedures. 
With our wide-spreal democratic system of secondary and 
collegiate education, our nation is justified in demanding 
that we should always have on hand a relative surplus of 
people with mathematical training through substantial 
secondary mathematics and also a surplus with elementary 
college training in the subject. 


Further recommendations are taken up under the 
following headings: Statement of general viewpoints; 
Recommendations concerning mathematics for those 
in non-military activities; Evaluation of the mathe- 
matical needs of the Army and Navy; Conclusions 
drawn from results of the program of reviews of 
books of a mathematical nature used by the Army, 
Navy and Civil Aeronautics Authority; Recommen- 
dations concerning the field of secondary mathematics, 
and Curricular recommendations at the college level. 


ELECTION TO BEIT MEMORIAL 
FELLOWSHIPS 


A MEETING of the trustees of the Beit Memorial 
Fellowships for Medical Research was held on July 
25. It is stated in the London Times that out of the 
30 present fellows 13 had already been seconded at 
their own request for more direct service during the 
war, and that six others have undertaken some re- 
search work for Government Departments on prob- 
lems arising out of the war. 

The following elections were made, all with per- 

‘mission for each fellow to be seconded at any time 
for war duties: 


Senior Fellowship (£700 a year).—T. R. R. Mann, M.D. 
(Lwow, Poland), Ph.D. (Cambridge).—To continue his 
work on intra-cellular metallo-protein compounds, espe- 
cially of red blood cells. At the Molteno Institute of 
Biology, University of Cambridge. 

Fourth Year Fellowships (£500 a year).—J. F. Danielli, 
B.Se., Ph.D. (London).—To continue his work on the 
permeability of muscle fibers and of capillaries. At the 
Biochemical Laboratory, University of Cambridge. 

Miss C. O. Hebb, M.A. (Dalhousie), Ph.D. (McGill Uni- 
versity ).—To continue her studies of physiological prob- 
lems in relation to high altitudes. At the Department of 
Physiology, University of Edinburgh. 

H. Lehmann, M.D. (Basle), Ph.D. (Cambridge).—To 
continue his work on the influence of shock and of the 
suprarenal glands on glycogen synthesis. At the Biochem- 
ical Laboratory, University of Cambridge. 

Junior Fellowships (normal value £400 a year).—E. F. 
Gale, B.Sc. (London), Ph.D. (Cambridge).—1851 Ex- 
hibition Senior Student, Fellow of St. John’s College, 
Cambridge.—To study bacterial amine production as a 
cause of non-specific infantile diarrhoea. At the Biochem- 
ical Laboratory, University of Cambridge. 
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W. Holmes, B.A. (Oxford), Christopher Welch Scholar 
in Biology, Senior Demy of Magdalen College.—1'o study 
the regeneration of nerve fibers after injury. At the Dg. 
partment of Zoology, University of Oxford. 

Miss M. F. Lockett, M.D. (London), M.R.C.P., Owep. 
Roberts memorial scholar, London School of Medicine, 
research student in pharmacology, Cambridge.—To jgey. 
tify renal pressor substances responsible for experimenta| 
high blood pressure. At the Pharmacological Laboratory, 
University of Cambridge. 


REPRESENTATION BY INSTITUTIONS art 
THE MARINE BIOLOGICAL 
LABORATORY 


The Collecting Net reports that there are 278 jp. 
vestigators present this summer at the Marine Biolog. 
ical Laboratory, Woods Hole, as compared with 293 at 
the same time last year. The following institutions 
are represented by three or more investigators: 


Institution 1941 1940 
Ea a ee a ec 30 34 
ME MEINE iain. ices ils -sdninhedhiasatibstnnsiatiadaiga 23 21 
ILE DE LLL A ITP LL 18 22 
I  sieesices oie nckeas ee eee 13 8 
RE Le GO men EE 12 8 
OT PEST rea age te ee SE. a) 7 
Se RON ccs ennic naan 9 8 
RIND i sosciccecionctasinieghenitnnaaegmnahllena 8 13 
Rockefeller Institute 0.0.0.0... 8 g 
MIU: i,cccousipinisoisheshiansiiana Soinersahpeliiaiiagha 7 4 
SRG BS SET SE 7 5 
SESS OS FRB 6 5 
RRP ee SER SP a Se 6 6 
I Me Ee 6 7 
| GSA Seiten Ba et OE 5 4 
Lilly Laboratories i. sssssscssssmesseee 5 4 
Milton Academy nn. cccssccssssssssesenesee 5 4 
| APRS ROE FRE TRREIRE OFT oh, 5 2 
EE SOP CET ae vem ET 5 2 
, RR SE a Reteneaeaorent te © 5 5 
ee 4 5 
Ee en RE RR RS 4 2 
SECT SERS bee RATNER, 7" 4 4 
Bs IND iesinjennsinsidinitieeibaiasaa 4 2 
SII nia: Sinn. st acienictiessionncalegheocmndieste 4 4 
NN es 4 2 
I a re 3 3 
ETRE OR, AIT oS ey 5" 3 2 
BIE. -<skins-disacdhccienipAocklentemsebeabaanca ents Lae 2 
a aed) 3 2 
|S ERT eal: SRN My tae AP AEE 3 6 
NE ico gs es ee 3 3 
BNI. .<cscdasimeripsicinnsiageetioiebibiecslia tees 3 5 
UNIID:  .. ciciniesinis ihiebatgiees sunnah 5) 3 
mae ieee Saye 8 C8 Es 3 5 
NS eccestleic ee ope god ee 3 4 
ie a AR BP RTS IE: 3 3 


THE CHICAGO MEETING OF THE ACADEMY 
OF OPHTHALMOLOGY AND OTO- 
LARYNGOLOGY 


Tue forty-sixth annual meeting of the Americal 
Academy of Ophthalmology and Otolaryngology will 
be held at the Palmer House, Chicago, from October 
19 to 23, under the presidency of Dr. Frank E. 
Spencer, of Boulder, Colo. 
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The program consists of one general scientific meet- 
ing on the morning of the first day, separate pro- 

ams for the two specialties on alternate afternoons 
and instructional courses every morning beginning on 
Tuesday. 

The feature of the general opening meeting will be 
a symposium on vertigo, with Dr. Francis H. Adler, 
Philadelphia, representing ophthalmology; Dr. Wil- 
liam J. MeNally, Montreal, otolaryngology, and Dr. 
Bernard Alpers, Philadelphia, neurology. 

During the convention there will be various meet- 
ings of small groups, including the “Teachers’ Sec- 
tion,” secretaries of local eye, ear, nose and throat 
societies and alumni organizations. The meeting of 
the teachers’ section will be concerned especially with 
the role of the academy in national defense during 
the present emergency. There will also be a scientific 
exhibit that will include such subjects as “Ocular Con- 
ditions in Children Due to Systemic Disease,” ‘“Con- 
duction of Sound in the Ear,” “Hemophilia and Other 
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Blood Dyserasias as Manifest in the Eye, Ear, Nose 
and Throat,” “Cancer of the Larynx” and “Signifi- 
eance of the Eyegrounds in the Problem of Hyper- 
tension.” 

Alternating with the scientific programs each after- 
noon will be an elaborate motion-picture program. 
Thus when the section of ophthalmology is meeting 
for formal presentation of papers, motion pictures 
on otolaryngology will be available for those inter- 
ested in that field. 

Dr. Perry Goldsmith, professor of otolaryngology 
in the University of Toronto Faculty of Medicine, 
Toronto, Ont., will be the guest of honor this year. 

Officers of the academy in addition to Dr. Spencer 
are Drs. Ralph Irving Lloyd, Brooklyn, president- 
elect; Everett L. Goar, Houston, Texas; James M. 
Robb, Detroit, and Ralph O. Rychener, Memphis, 
Tenn., vice-presidents, and Seeord H. Large, Cleve- 
land, comptroller. Dr. William P. Wherry, Omaha, . 
Nebr., is executive secretary-treasurer. 


SCIENTIFIC NOTES AND NEWS 


Dr. WILLIAM DE B. MacNrper, Kenan research pro- 
fessor of pharmacology at the University of North 
Carolina, who retired in July as dean of the Medical 
School, has been elected president of the Society for 
Experimental Biology and Medicine. 


THE honorary degree of doctor of science has been 
conferred by the College of Wooster on Dr. Benjamin 
Harrison Willer, professor of zoology and chairman 
of the department of biology at the Johns Hopkins 
University. 


Dr. C.-E. A. Winstow, Lauder professor of public 
health at the School of Medicine of Yale University, 
has been appointed Rosenberg lecturer in the Public 
Social Services at the University of California for the 
fall semester of 1941. He will give two courses in 
the department of Social Welfare, one for undergrad- 
uates and one for graduate students, and will offer 
a lecture series open to the general public. In addi- 
tion it is expected that he will travel throughout Cali- 
fornia to speak to various groups. The lectureship 
was established two years ago by the Rosenberg Foun- 
dation of San Francisco for the purpose of bringing 
to the university for one semester at a time distin- 
guished authorities on the public social- services. - 


THE second Sanford E. Thompson Award “for out- 
standing merit on conerete and concrete aggregates” 
Presented at an annual meeting of the American So- 
ciety for Testing Materials has been made to W. T. 
Thomson, assistant professor in the department of 
applied mechanics in the Kansas State College, in 
recognition of a paper entitled “A Method of Mea- 





suring the Thermal Diffusivity and Conductivity of 
Stone and Concrete.” 


THE James R. Jewett and Vieno Johnson prizes, of 
$100 and $50, respectively, have been awarded by the 
Arnold Arboretum of Harvard University to Mrs. 
Wilfred O. White, of Boston and Vineyard Haven, 
Mass., and to Mrs. Ina Snow, of Truro, Mass., in 
appreciation of their interest in developing the utili- 
zation of the native beach plum, Prunus maritima. 
These prizes, made possible through the interest of 
Professor James R. Jewett, of Harvard University, 
are to be awarded annually to individuals who have 
made significant contributions to the improvement of 
the beach plum and other native fruit plants. This is 
the first award. 


THE Melchett Medal of the British Institute of 
Fuels for 1941 has been awarded to Dr. Clarence A. 
Seyler, of Swansea, in recognition of his work on coal 
and its constitution. W. M. Selvey has been elected 
president of the institute to succeed Sir John Greenly. 


FREDERICK OSBORN, research associate in anthro- 
pology at the American Museum of Natural History, 
has been nominated by President Roosevelt to be 
brigadier-general in command of the morale branch 
of the Army. He succeeds Brigadier-General James 
A. Ulio. 


Nature reports that the sixty-seventh annual gen- 
eral meeting of the Physical Society, London, was 
held on July 25 with Professor Allan Ferguson in the 
chair. The reports of the council and of the trea- 


surer were adopted and the following officers for 
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1941-42 elected. President: Dr. C. G. Darwin; 
Honorary Treasurer: Dr. C. C. Paterson; Honorary 
Secretary (Business): Dr. W. Jevons; Honorary Sec- 
retary (Papers): J. H. Awbery; Honorary Libra- 
rian: Dr. L. C. Martin; New Members of Council: 
Professor E. N. da C. Andrade and Dr. H. Shaw. 
Professor Ferguson will undertake the duty of acting- 
president until Dr. Darwin is able to take office. The 
council has to record a very successful year’s work 
in difficult cireumstances. Despite exceptionally 
heavy losses by death, the membership of the society 
is scarcely affected, standing at 1,070 members at the 
end of 1940, as compared with 1,084 members twelve 
months earlier. 


Promotions to professorships at the University of 
Michigan include Dr. Dean B. McLaughlin and Dr. 
Will Carl Rufus, astronomy; Russell A. Dodge, engi- 
neering mechanics; John M. Nickelsen, mechanical 
engineering; Walter C. Sadler, civil engineering, and 
Dr. Henry Field, Jr., internal medicine. 


Dr. Harry L. ALEXANDER, associate professor of 
clinical medicine at the School of Medicine of Wash- 
ington University, St. Louis, has been made profes- 
sor of clinical medicine and acting head of the depart- 
ment of internal medicine. He succeeds Dr. David 
P. Barr, who resigned to accept an appointment at 
the Cornell University Medical College, New York 
City. 

Dr. F. D. HEALD, professor in charge of the work 
in plant pathology at the State College of Washing- 
ton since 1915, will retire with the title of emeritus on 
September 1 as head of the department of plant 
pathology of the college and head of the division of 
plant pathology in the Agricultural Experiment Sta- 
tion. He will continue his work in teaching and in 
research. Dr. Heald will be succeeded as head of the 
department and division by Dr. J. G. Harrar, associ- 
ate professor of plant pathology and botany at the 
Virginia Polytechnic Institute. 


Dr. Frep F. McKenzin, of the University of Mis- 
souri, has been appointed head of the department of 
animal husbandry of the Utah State Agricultural Col- 
lege. Dr. McKenzie succeeds Dr. Ralph W. Phillips, 
who resigned to accept a position with the Federal 
Bureau of Animal Industry at Beltsville, Md., where 
he will have charge of animal genetics research for the 
bureau. Since the early part of May Dr. McKenzie 
has been in South America under the auspices of the 
Federal Department of State. His specific assignment 
has been to assist the Governments of Chili and Peru 
with their sheep-breeding problems at high altitudes, 
where considerable difficulty has been experienced in 
the fertility of the breeding stock. In Utah one of his 
chief responsibilities will be that of supervising a 
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program of research dealing with range livestoc 
breeding and nutrition. 


Dr. Ep@ar J. BoE. has been promoted from SSIs 
tant to associate professor of biology at Yale Uy; 
versity. 


Dr. Earu L. GREEN, post-doctoral fellow at the Uy, 
versity of Chicago, has been appointed instructor j 
zoology at the Ohio State University, where he yj 
teach genetics and biometry. 


Dr. O. C. Stewart has been appointed instructor jy 
anthropology at the University of Minnesota. 


Dr. J. L. Ors, professor of industrial psychology 
and Dr. Oliver H. Ohmann, head of the departmay 
of psychology, will direct a Personnel Research |). 
stitute, which has been established in Cleveland (\. 
lege, the downtown department of Western Resery 
University. The institute was made possible by » 
appropriation by the Thomas H. White Fund anj 
by the aid of business firms and institutions. 


Dr. EnriguE WASHINGTON LitHGow, of Ciudad 
Trujillo, head of the laboratory service at the Padre 
Billini Hospital of the Dominican Republic, will ». 
ceive the fellowship founded in 1937 of the Dazia 
Foundation for Medical Research at Mount Sini 
Hospital, New York City. He is on leave of absene 
and expects to return after spending a year in Nev 
York. 


Lorp Horper has been appointed personal advise 
to the British Minister of Food. 


AccorDING to the London Times, a certificate pre 
sented to the British Parliament by the Prime Minis 
ter enables Professor A. V. Hill, one of the member 
for the University of Cambridge who has become a 
associate member of the Ordnance Board appointed 
by the Minister of Supply, to retain his seat in the 
Commons. : 


Fietp Museum or Natura History is collabori- 
ting with the Institute of Andean Research, New York, 
in an archeological expedition to Ecuador. Donald 
Collier, recently appointed assistant eurator of etl- 
nology at the museum, has left Chicago and planned 
to sail from New York on August 29 to spend five 
months supervising archeological investigations {0 
the institute. The project is sponsored by the coordi 
nator of commercial and cultural relations of the 
American Republics. 


Dr. Raymonp L. Drrmars, curator of reptiles an! 
insects at the New York Zoological Park, sailed 
August 19 for Trinidad to make a collection of val 
pire bats, stingless scorpions, giant cave erickets and 
cave roaches for a vampire bat eave to be opened # 
the park in October. The cave will be a reproductio! 
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stock r , dimly lighted gallery in one of the Trinidad bat 
Aves. 

ass Tue Biological Photographie Association, an inter- 

Ui ational group of photographers in the natural sci- 


nces, will hold its eleventh annual meeting in the 
i otel Buffalo, Buffalo, New York, on September 11, 
Ui and 13. 
Toe London Times, quoting from the Soviet War 
Wil Tews, issued by the Soviet Embassy in London, states 

hat the Royal Society sent on July 25 a message to 
Orin Mahe Academy of Sciences of U.S.S.R., Moscow, which 
eads: “Our united efforts will ensure that the future 
f science is not endangered by the destruction of 


logy, 

J hose freedoms in which has thrived the work of the 
le eat scientists of both countries. In this struggle 
(iy. mpcience has already made, and will continue to make, 
ery Igepssential contributions to victory.” 

yal AccorDING to Nature, the secretary of the Marine 


and MuBiological Association reports that the Plymouth Lab- 
ratory, Which a few months ago sustained heavy 
amage through enemy action, has now been restored 


\dad 4 ; 
Extensive emergency repairs have 


» working order. 


" een carried out, accommodation for research workers 
in ME BCE more available and there are limited oppor- 
oa nities for work at sea in the motor boat of the as- 
“i ciation. It has, however, been necessary to transfer 


he greater part of the library to other quarters, and 
puly recent volumes of current periodicals can now be 
onsulted. 


ew 











- A Untrep Press dispatch from Berlin reports that 


ere has been established in,Germany an institute for 
itamin testing and research “for the treatment of 
uestions arising regarding the vitamin supply of the 
rerman people, and for the guidance of the govern- 
lent in measures to be taken.” The institute will be 
irected by the Ministries of the Interior and Food. 


THE New York City Board of Estimate has author- 

@ed an appropriation of $375,000 as the initial cost 
‘a- BP! construction of the Nightingale Hospital for the 
k, eatment of eaneer, which will be built at 163d Street 
li fend Fort Washington Avenue. The land is being 
h- #Biven by the Columbia-Presbyterian Medical Center, 
ed hich is adjacent, and the hospital will be conducted 
ve Jey the Department of Hospitals in conjunction with 
or he College of Physicians and Surgeons of Columbia 
i- niversity, a part of the Medical Center. 


| The News Edition of the American Chemical So- 
tety reports that a three-story laboratory and office 
d building has been completed at the Experimental Sta- 
" jon of E. I. du Pont de Nemours and Company, Inc., 

Wilmington, Del. This replaces a smaller structure 
- which the laboratories have been housed since 1937, 
t Beeevoted to pest control research. The laboratory 


‘ Mtords the most modern equipment for the study of 
Secticides and fungicides. A carbon-are lamp, said 
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to be the closest approach to natural sunlight yet de- 
vised, has been installed in the adjacent greenhouse. 
The lamp gages the effects of sunlight on insecticides 
and fungicides on growing plants. An experimental 
garden plot that is used for preliminary testing of 
pesticides on plants adjoins the greenhouse. The new 
unit has been designed to permit the closest possible 
coordination of experimental and practical work, ac- 
cording to Wendell H. Tisdale, director. Extensive 
field trips are conducted under different regional 
conditions throughout the country. In addition to the 
usual problems of insect control, investigations at the 
laboratory include development of non-poisonous fun- 
gicides for use on stored agricultural products, such 
as fruits and vegetables; wood preservation for the 
control of stains, fungus decay and termites and for 
the treatment of cellulosic materials; preservation of 
harvested plant products, weed extermination and a 
study of plant hormones. 


Aw Institute of Gas Technology has been estab- 
lished at the Illinois Institute of Technology. The 
sum of $100,000 per year for ten years will be pro- 
vided for operating and maintenance expenses which 
will include the cost of instruction. Additional funds 
will be available for erection of buildings to house 
teaching and research activities. It is planned to 
open the institute at the beginning of the academic 
year in September. From five to ten fellowships will 
be granted during the first year. Seventeen gas com- 
panies are members of the organization group. Ad- 
ministration of the institute will be vested in a board 
of trustees made up of representatives of the gas 
industry and of the trustees of the institute. 


THE zoological laboratory of Columbia University, 
under the direction of Professor Leslie C. Dunn, head 
of the department of zoology, is being enlarged and 
modernized. Reconstruction, it is expected, will be 
completed in time for the opening of the academic 
year. The floor space of the laboratory will be in- 
creased by 264 square feet. It will include a cold 
room for the storage of animal cadavers in which a 
constant temperature of 45 degrees will eliminate the 
need for any other form of preservative. The labora- 
tory, which is on the sixth floor of Schermerhorn 
Hall, will provide permanent desk and cabinet space 
for forty-eight students instead of the twenty-four 
previously accommodated. The desks will be ar- 
ranged in banks of six, each with one alternating and 
two direct current outlets. A sink with eighteen 
water faucets will be placed in each bank. A larger 
concentration of pre-medical students taking courses 
in embryology, histology and zoology has, in addition 
to the general deterioration of the original facilities, 
made necessary the reconstruction of the old labora- 


tory. 
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DISCUSSION 


THE INTERPRETATION OF EXPERIMENTAL 
FOUR-FOLD TABLES 


In a note printed in Scrence, June 13, 1941, Dr. 
EK. B. Wilson! discusses the discrepancy in the proba- 
bilities arrived at by two different methods of treating 
the four-fold table of experimental results, where 
groups of animals subjected to two contrasted treat- 
ments are recorded as having lived or died. He con- 
cludes by saying: 


Hence there is neither logical nor arithmetic likelihood 
that the use of x? should solve well our problem of deter- 
mining whether the effects of treatment in experiment 
and control are statistically significant. It is still true, 
of course, that if numbers are sufficiently large, x2 will 
give the correct probabilities, but they have to be larger 
than is customary in such experiments. 


Dr. Wilson is eminent among statisticians, both for 
his practical acumen and for his logical penetration. 
There is no one whose opinion I would sooner seek on 
the usefulness of any methods published in mathe- 
matical statistics. Yet in advocating the particular 
method he chooses for the interpretation of data of 
this important class he has, I believe, overlooked a 
difficulty which the approach based on, and giving the 
exact solution for, the classical view-point of x? and 
the four-fold table, was expressly devised to obviate.? 

Let us consider the simple example first discussed 
by Wilson. Of six treated mice five have died and one 
lived, while of six controlled mice one has died and 
five lived. Wilson considers the probability that the 
difference between the proportion dying in the two 
series shall be as great as, or greater than, that ob- 
served; that is, in the present instance, the aggregate 
probability of the six possible experimental results: 


Died Lived Total Died Lived Total 


(a) (b) 
Treated 6 
Control 2 
Total 8 

(¢) 


Treated 
Control 


Total 
(e) 


Treated 1 4 
Control 6 0 


Total 5 7 4 8 


in contrast with all the remaining possible results, in 
which the difference between the numbers dying is not 
so great as four in favor of the treated series. 

1 FE. B. Wilson, ScrENcE, 93: 557-560, 1941. 

2R. A. Fisher, ‘‘ Statistical Methods for Research Work- 


ers’’ (Section 21.02), Oliver and Boyd, Edinburgh. 1925- 
1941. 


Assuming that the chance of death is one half y 
each series, the total probability of getting oy, 
other of these six results is 79 out of 4,096, or 1.9» 
per cent. The basis of this assumption, which js y 
likely to be exactly true, is that the total nu) 
which died in both series together is just one half 
the total under observation. 

It is this circumstance which introduces a |ogig 
difficulty, for the probability assigned to the choy 
group of possible results does not depend only on 4 
results which constitute the group, but on the partig 
lar one of them which has been observed. Thus to ty 
possible result (a) in which six of the treated mice jy 


and two of the untreated, the probability ra 


0.3662 per cent. has been assigned in the calculatig 
made above; but if this particular outcome had be 
3840 
531441 " 
0.7226 per cent. would have been ascribed to it, six 
the chance of death would be taken to be 4. TW 
probabilities arrived at by this method do not, in fut 
correspond with any objective frequency distributiv 
applicable to the whole aggregate of possible expe 
mental results. Moreover, the probabilities assign 
to each particular result, if it were observed, woill 

not add up to unity. 

The method which Wilson speaks of as the use ti 
%?, and which, though it is an exact arithmetidl 
method, in which the x? distribution is not employed 
did arise from the study of the inadequacy of x? wha 
used with small numbers, proceeds on a different play 
from the aggregate of all possible results of il 
experiment we select those, seven in number, whit 
have the same marginal totals. These are: 


observed a different probability, namely, 


Died Lived Total Died Lived Tot 


A 
Treated 6 0 
Control 0 6 


Total 6 6 


C 
Treated 
Control 


Total 


E 
Treated 
Control 


Total 
G 


Treated 0 
Control 6 


Total 6 

Now it may be shown by simple algebra that wit 
ever is the probability of dying, supposing this toh 
the same for the treated and the controlled series, t# 


5 1 
1 5 
6 6 
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ative frequencies with which these seven results 
| occur are the same, namely, out of 924 trials for 
ich one or other of these seven observations is made, 


» may expect: 


Result sk foe Se FC SG 


Frequeney oven 1 36 225 400 225 36 1 


The possible results arrange themselves without 
mbiguity in order such that A is most favorable and 
least favorable to the view that the treatment has 
ereased the probability of death. The sum of the 
obabilities of the outcome observed and of the one 


ore favorable possibility is a or 4.0043 per cent. 


We should, therefore, judge the result significant 
favor of the view that treatment had increased the 
rath rate, though not nearly so strongly significant 
; if we had relied on the first method of calculation. 
Using the second method, it should be noted that the 
articular experimental result arrived at (B) deter- 
ines Without ambiguity both the series of results 
aving the same marginal totals, with which its proba- 
lity is to be compared, and its ordinal position in 
bis series. Had any other observation within the 
me series been made, (B) would have been assigned 
me same probability, the sum of the probabilities of 
he members of each series being always unity. 
The danger of using the double binomial is very 
early brought out by Wilson’s comparison, for with 
mall numbers the probability assigned is often no 
ore than one third or one half of that given by my 
ethod. This is no doubt due to the method assuming 
bme plausible value for the death rate among the 
bntrols as known to be true, an assumption which 
ould be justified only if the number of animals used 
s control were increased indefinitely. If, for ex- 
mple, we knew this death rate to be one in six, the 
robability of observing so many as five dead among 
he treated series, having ex hypothesi the same death 





31 
76656 .0664 per cent. Our 
bnorance of the true death rate is, however, an essen- 
al part of the logical position, and is indeed the only 
eason why the control series is observed at all. 


R. A. FISHER 


hte, would be only 


THE GALTON LABORATORY 


ELECTRICAL ACTIVITY OF 
ACETYLCHOLINE 
ACETYLCHOLINE is produced by activity of the 
ervous system and has a stimulating action on 
anglia and museles, but the relation between acetyl- 
holine and electrical phenomena in nerve is still ob- 
ure. Previous work! has shown that alkaloidal salts 


1R, Beutner, Jour. Am. Chem. Soc., 36: 2045, 1914; 
our, Pharm. Exptl. Therap., 31: 305, 1927. 


ean produce electrical negativity when in contact with 
oil or lipoids. Moreover, it has been demonstrated? 
that acetylcholine modifies the electrical potential of 
skin in a negative direction. These findings led to the 
present experiments which show the production of a 
negative electrical potential by contact of an ex- 
tremely dilute acetylcholine solution with various 
water-insoluble substances resembling lipoids. 

In this model of electrical phenomena in nerve the 
oil layer (guaiacol, nitrobenzene, cresol, creosote or 
other substances) made contact on each side with 0.7 
per cent. NaCl connected by salt bridges to beakers 
containing 0.7 per cent. NaCl into which dipped Ag- 
AgCl, electrodes leading to the E.M.F. terminals of 
a Leeds and Northrup thermionic amplifier (for high 
resistance cireuits) serving as a null instrument for a 
potentiometer. In some experiments the surface of 
the oil to be treated made contact with 0.1 per cent. 
sodium benzoate which established a positive charge, 
thereby increasing the sensitivity of the layer to the 
negativity of acetylcholine. Mecholyl (acetyl-beta- 
methyleholine), acetylcholine chloride and acetylchol- 
ine bromide produced negative potentials which were 
proportional to the logarithm of the concentration. 
The highest potential obtained was 200 mv. with 0.03 
per cent. mecholyl and nitrobenzene in saline. The 
lowest effective concentration obtained so far was one 
in one hundred million parts of acetylcholine chloride, 
which gave rise to 5 mv. (negative) on nitrobenzene 
in 0.1 per cent. sodium benzoate. Experiments now 
in progress indicate that the threshold is considerably 
lower than this concentration and may approach the 
value of 5x10-* micrograms which Buchthal and 
Lindhard® reported as the threshold concentration for 
stimulation of the end plate by acetylcholine intro- 
duced by a micromanipulator. 

The electrical negativity following acetylcholine, 
compared with other alkaloids,! is remarkable for its 
size, its rapidity of appearance on application and 
disappearance after removal and for the extremely 
low concentrations required. These observations may 
support the hypothesis that perhaps acetylcholine pro- 
duces a part of the negative electrical variation in 
nerve. Moreover, deNo* has found that acetylcholine 
is liberated from nerve fibers as well as from synapses 
and Boell and Nachmansohn® have recently reported 
that choline esterase is concentrated along the surface 
of the axon. Regardless of the theory of the nervous 
impulse adopted, we wish to draw attention to the pro- 


2T. C. Barnes, Amer. Jour. Physiol., 130: 557, 1940. 

3 F, Buchthal and J. Lindhard, Jour. Physiol., 95: 59P, 
1939. 

4R. L. deNo, Science, 91: 501, 1940. 

5 E. J. Boell and D. Nachmansohn, SCIENCE, 92: 513, 
1940. 
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nounced electromotive activity of acetylcholine. No 
- other substance in such diminutive concentrations is 
known to produce perceptible electromotive effects on 
second-class conductors. 
R. BEUTNER 
T. CuNLIFFE BARNES 
DEPARTMENT OF PHARMACOLOGY, 
HAHNEMANN MEDICAL COLLEGE AND 
HOspIraL OF PHILADELPHIA 


THE DETERMINATION OF THIAMIN BY 
THE YEAST FERMENTATION METHOD 


A RECENT note in Science by H. H. Bunzell? de- 
seribed experiments on yeast fermentation in which 
only an 8 per cent. stimulation of fermentation rate 
was caused by thiamin, whereas a 106 per cent. stimu- 
lation was produced by an extract of wheat germ. 
Observations such as these naturally cast doubt upon 
the reliability of the yeast fermentation method for 
the determination of thiamin.?"* In view of the wide- 
spread use of the latter method it was considered 
desirable to show how Bunzell’s experiments differ 
from the published procedure.*® 

His description of the fermentation medium men- 
tions a “nutrient” solution. This term does not occur 
in our paper,’? and thus there is no way of knowing 
exactly what his “nutrient” solution contained. How- 
ever, on the basis of our experience with fermentation 
it is probable that his “nutrient” solution did not con- 
tain ammonium ions as required by the published pro- 
cedure.’ 

Without ammonia in the medium thiamin causes a 
very slight stimulation and, conversely, without thia- 
min ammonia causes only a slight stimulation. The 
combination of the two in maximum amounts, how- 
ever, causes a 100 per cent. increase in fermentation 
rate. This circumstance might/explain Bunzell’s re- 
sults with the wheat germ extract since it has been 
shown‘ that various amino acids, ete., have an effect 
equivalent to ammonium ions. 

Bunzell’s difficulties recall the experience of 
Smythe,> who, observing a remarkable stimulation 
of fermentation due to an extract of bull testicle, 
finally isolated ammonium chloride as the active 
factor. Smythe made the additional mistake of ob- 
taining his yeast from the small cakes sold in grocery 
stores. Such yeast is too rich in thiamin to show 
any stimulation of fermentation when thiamin is 
added to the medium. 

1H. H. Bunzell, Science, 93: 238, 1941. 

2A. 8. Schultz, Lawrence Atkin and C. N. Frey, Jour. 
Am. Chem. Soc., 59: 2457, 1937. 

3 Lawrence Atkin, A. 8S. Schultz and C. N. Frey, Jour. 
Biol. Chem., 129: 471, 1939. 

4A.8. Schultz, L. Atkin and C. N. Frey, Cereal Chem., 


16: 648, 1939. 
5 C. V. Smythe, Enzymologia, 6: 9, 1939. 
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If the published procedure for the determinatig 
of thiamin*® is followed with ordinary attention 
detail, a satisfactory determination of the thianiy 
content of wheat germ will be obtained. 


ALFRED §. Scauiy 
LAWRENCE Arkry 
CHARLES N. Frey 
THE FLEISCHMANN LABORATORIES, 
STANDARD BRANDS INCORPORATED, 
New York, N. Y. 


CONTROL OF RED SPIDER (TETRANYCHy 
TELARIUS) BY PHTHALIC GLYCERkYy, 
ALKYD RESIN 

THE common red spider (Tetranychus telarius |.) 
commonly found on greenhouse-grown plants and q 
many field crops, is extremely difficult to contri 
The ineffectiveness of many insecticides which hay 
been recommended for control of red spiders may k 
ascribed to their lack of ovicidal action. Furthe. 
more, chemicals which possess ovicidal properties ax 
often injurious to cultivated plants, especially thoy 
grown in greenhouses. 

In the course of an investigation, totally unrelated 
to the problem of red spider control, the writers 0. 
served that when a 2 per cent. phthalic glycery] alkyl 
resin in water was applied to plants heavily infest 
with red spiders, the latter quickly disappeared 
Microscopie examination of infested leaves shovel 
large numbers of dead red spiders in all stages of 
development and masses of spiders’ ova which hal 
turned yellow and become shriveled after five days 
Further examination of the ovicidal properties i 
phthalic glyceryl alkyd resin showed that it possess 
a remarkable insecticidal efficiency. No injury ww 
observed on plants tested experimentally under greet- 
house and field conditions. Concentrations less tha 
2 per cent. (but not less than 1 per cent.) were efit 
tive on adults but not on ova; above 2 per cent. tle 
margins of the leaves were burned. 

The following plants were sprayed with beneficid 
results and without injury to the leaves: alfali 
(Medicago sativa L.), almond (Prunus commu 
Fritsch. and P. nana Stokes), apple (Pyrus mal 
L.), apricot (Prunus armeniaca L. and P. mume Sib 
& Zuce.), begonia (Begonia octapetala L’Her, 3 
tuberhybrida Voss., B. semperflorens Link and Ott, 
B. haageana Wats., and B. rex Putz.), Coleus bluma 
Benth., florists cyelamen (Cyclamen indicum L.), {tr 
denia veitchii Bailey, Pelargonium sp., grape (Vill 
vinifera L.), Hydrangea hortensis Smith, India ™ 
ber plant (Ficus elastica Roxb.), ivy (Hedera heli 
L.), poinsettia (Euphorbia pulcherrima Willd.), pl 
(Prunus americana Marsh), rose (Rosa sp.), S04 
dragon (Antirrhinum majus L.), strawberry (Ft 
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via sp.), and tomato (Lycopersicum esculentum 


ation 
D jmil. var. vulgare Bailey). 
inip ee AD unidentified species of a very minute, white 


te occurring On ivy and China asters (Callistephus 

inensis Nees) and a begonia mite (probably Avrosia 
_ unslucens Nietner) were also successfully controlled 

, a single application of 2 per cent. solution of 
ithalic glyceryl alkyd resin. 
Since these experiments for the control of red 
yiders were performed also in commercial green- 
muses and in the field, it seems highly probable that 
is chemical may find a wide application. Addi- 
nal advantages which it possesses include no dis- 
rreeable odor, lack of spray residue on the leaves, 
s high degree of spreading capacity and only one 











i qMmmpplication is necessary for killing the adults and 
tro), me OVA. P. A. ARK 
hat C. M. Tompxins 
y WMS UniversiTy OF CALIFORNIA, BERKELEY 
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A BIRD LIST 


hove IN ScrencE, for July 18, you refer to a bird list, 


kyl ZOOLOGY 


Text Book of Zoology. By the late T. JEFFERY 
ParKER, D.Se., F.R.S., and the late Wituiam A. 
ilAswELL, M.A., D.Se., F.R.S. Sixth Edition, in 
hej" Volumes, Volume II revised by C. Forster- 
Cooper, M.A., Se.D., F.R.S: xxiii +758 pp.; 1-656 
figs. 8vo. London: Maemillan and Co., Limited. 


sie THis famous text-book of zoology was originally a 
Wis MMescriptive reference work of monumental character ; 
tel stemmed from the heroie period of T. H. Huxley, 
‘han. K. Parker and W. H. Flower but was not com- 
fit: MMeted and published until 1898. Although both the 
lumes emphasized the factual side of development 
__ Bee norphology, the first volume, on the invertebrates, 
i ntained far more and better treatment of major 
al ylogenetic problems than the second, which was for 
wii most part merely an orderly record of bare facts 
lis Mth 2 minimum of inference. But these facts were so 
iveniently set forth that the rising demand has kept 
P work going through six editions. 

n the first five editions some new details were added, 
few radical changes were made and there was 
nt notice of the huge expansion of knowledge that 
i meanwhile taken place in the fields of vertebrate 
ontology and general morphology. At last, how- 
rr, the time came when it was realized that Parker 
Haswell, Volume II, was in great need of mod- 












velit 
um 


a) MMization, and this formidable undertaking was then 


Pre tunately entrusted to C. Forster-Cooper, M.A., 
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made by Roger Peterson and myself, (not my brother, 
Dr. Frederick H.) at the Fairchild Connecticut Gar- 
dens, on May 18, as a “bird census.” 

To my mind, it was in no sense a census, but sim- 
ply a more or less superficial list of the species of 
birds noted during the course of a morning’s walk 
through the area. The word “census” has been widely 
misused in this way in the past, and it would seem 
highly desirable to arrive at some general agreement 
as to what constitutes a “bird census.” 

If we adhere strictly to the dictionary definition of 
the word “census,” a true bird census of a 1274-acre 
tract, swarming with migrants on the move, in addi- 
tion to the resident species, would be almost impos- 
sible to take on a May morning: In view of the in- 
creasing need in ecological work for real censuses of 
the numbers and kinds of wild animals occurring on 
sample areas—it would seem wise to call any record, 
which does not represent a conscientious effort to 
record every single individual bird in the area at the 
time, a “bird count” or “bird list.” 

Ricuarp H. PoueH 


‘ _ §CIENTIFIC BOOKS 


Se.D., F.R.S., late director of the University Museum 
of Zoology at Cambridge and for some years director 
of the British Museum (Natural History). 

The theme of the volume is the “Phylum Chordata,” 
treated strictly from a taxonomic-anatomical view- 
point. In order to compress this enormous subject 
into practicable limits, the reviser has ignored many 
such significant techniques as the mathematical treat- 
ment of growth and form and the illimitable fields of 
genetics, physiology and the like; albeit that in many 
universities these are considered to be the central 
themes of modern zoology. But these subjects are 
already well represented by excellent contemporary 
text-books; whereas Parker and Haswell, Volume II, 
while still without a peer in its own territory, was 
getting to be so far behind the times that it might 
have been abandoned entirely in favor of a wholly new 
work. Thanks to the reviser and his collaborators, 
however, the old book has now been thoroughly re- 
juvenated or, more accurately, revised and enlarged. 
In its handsome new format we might even liken it to 
some stately building to which new extensions have 
been added but in such a way as to increase the 
usefulness of the parts and enhance the general effect 
of the whole. ° 

The old text aimed to deseribe accurately the re- 
semblances and differences between the innumerable 
products of vertebrate evolution; it but rarely referred 
to the changes in anatémical structure whereby one 
type has been transformed into another. The result 
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was a static picture of vast scope and intricacy, cata- 
logued systematically and described with the aid of a 
countiess multitude of technical terms. As clues to 
this labyrinth there were and are an excellent classifi- 
cation of the chordates in the table of contents and a 
most full and useful index, the latter now filling fifty- 
seven pages of three columns each. But though these 
and similar features still make the book invaluable as 
a reference work, they must at the same time have 
contributed to the sense of continued frustration, espe- 
cially to those students who persisted in asking such 
questions as: “By what steps did this particular 
anatomical complex attain its present state?” or, 
“Through what successive grades and branches did 
this animal evolve?” 

The best of the additions to the old text are those 
iz which the reviser and his nearer colleagues and 
friends have themselves made major contributions: 
especially in the sections dealing with the paleozoic 
ostracoderms, placoderms and fishes, the earlier am- 
phibians, the origin and adaptive branching of the 
main divisions of the reptiles, the rise of the mammal- 
like reptiles and the diverse evolution of the ungulate 
mammals. These were all very inadequately treated 
in earlier editions but are now concisely set forth with 
the aid of many new figures, diagrams and charts; all 
of which fairly shine forth from the ample pages. In 
the newer parts of the work the reviser aims to out- 
line the history of each major group in so far as it can 
be reliably reconstructed from paleontologie evidence 
and to indicate its probable relationships with other 
larger groups. This is most admirably done for the 
perissodactyls and some other groups of ungulates 
among the mammals and in varying degrees for other 
vertebrates. 

From a work that already gives so much it may seem 
unreasonable to ask for more; but we hope that in the 
next edition the reviser may preface the general chap- 
ter on chordate morphology with a critical review of 
the principal theories of the origin of the vertebrates. 
It may then be noted that theories involving the trans- 
position of the primary invertebrate nerve cord from 
the functionally ventral to the functionally dorsal sur- 
face are based on similar but apparently convergent 
adaptations to forward locomotion in bilateral ani- 
mals of widely different phyla, as between Limulus 
of the Arthropoda and Cephalaspis of the Vertebrata. 
And it seems further that the factual material might 
have gained added significance if it had been suggested 
that the typical piscine chordate is esseftially a swift- 
moving predaceous fish, which is already far advanced 
beyond the stage of the earliest known chordates. 
These were the Ordovician, Silurian and Devonian 
ostracoderms, which were felatively slow-moving, 
partly bottom-feeding forms, whose head and thorax 
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were covered with a stiff dermal armor somewhat lt 
dentine. Although these are well described ang 
figured in the present work, it might have heey noted 
that the studies of Stensid, Heintz and Kiaer hare 
led them to infer that the more or less continu, 
thoracic armor later broke down into the more flexi 
armor of such relatively swift-moving forms as {, 
anaspids. 

The present edition adopts the conservative jig 
that the ostracoderms as a whole were an early si, 
branch of the vertebrate stock, ancestral to the exiy, 
ing lampreys and hagfishes but definitely not ancestry) 
to the true jaw-bearing or gnathostome branch of ty 
vertebrates. While this may well be true of alng 
any given ostracoderm, it seems to the present ». 
viewer far more likely that the general characters ¢ 
the ostracoderms are truly primitive and that the jay. 
bearing vertebrates in adopting predatory habit 
arose by greatly enlarging the branchial poudy 
which are already present in the ostracoderms, a 
by emancipating the gill bars from the chonix 
cranium and modifying the anterior ones into jay 
according to the stages recently suggested by Rone 
(1937). And in like manner, the placoderm sto; 
although giving rise to many side branches, seens i 
its basal characters to be structurally intermedi 
between the officially “jawless” ostracoderms and t 
typical gnathostomes. 

In general the reviser seems to follow the curl 
practice of assuming that the possession of any cit 
spicuous specialization, such as the slightly movabl 
joint across the skull roof of the Devonian rhipidistia 
fishes, debars its possessor from being ancestral i 
later forms which do not have this specializatia 
The reviewer, however, has seen many such cases 1 
which it seems that earlier specializations becow 
overshadowed by later ones and fade out of the herei 
tary pattern. However this may eventually prove! 
be, it seems safe to predict that in the publication # 
the sixth edition the second volume of Parker wl 
Haswell enters upon a new and far wider careet 
popularity among advanced students and teachers 4 


vertebrate zoology. 
WivuraMm K. Greco’ 


THE AMERICAN MUSEUM OF 
NATURAL HISTORY 


SYMBOLIC LOGIC 


Introduction to Logic (and to the methodology of t 
ductive sciences). By ALFrep Tarski. Enlaty 
and Revised Edition. New York: Oxford Uni" 
sity Press. 1941. $2.75. 


Tue last thirty years have witnessed a rapid ® 
intense development of the symbolic study of lg 
and of its profound applications in mathemati * 
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ilosophy and in other disciplines depending on de- 
ctive thinking. Some of this development has been 
«ult for outsiders to follow, both because of the 
vecision of the analysis used, and because of the com- 
exity of the symbolic formulations necessary. There 
»3 long been a need for a clear-cut introduction to the 
»w logic, which would state in an elementary but 
recise language the fundamental problems studied, 
»d which would at the same time be free from an 
due dependence upon traditional logic or upon spe- 
al and controversial doctrines. The need has now 
en admirably met by this book, written by a dis- 
nguished Polish mathematician and logician who is 
idely known for his own fundamental contributions 




































) logic. 

rarski’s book begins with an elementary discussion 
the notion of a variable and of the sentential caleu- 
s, which treats the properties of the basic logical con- 
ectives “and,” “or,” “not” and “implies”; subsequent 
hapters deal with the properties of identity, with the 
nalysis of classes and with the calculus of relations. 
he chapter on axiomatic methods gives a careful 
ucidation of such fundamental concepts as the com- 
leteness and the consistency of a formalized deductive 
heory. It includes a discussion of some of Tarski’s 
wn recent results on the completeness of the ordinary 
stem of Euclidean geometry. Roughly speaking, 
hese results mean that every problem of elementary 
igh-school geometry can be resolved by using the 


THE ELLA SACHS PLOTZ FOUNDATION 
FOR THE ADVANCEMENT OF SCIEN- 
TIFIC INVESTIGATION 


Durine the seventeenth year of the Ella Sachs Plotz 
oundation for the Advancement of Scientific Investi- 
tion, eighty-one applications for grants were re- 
rived by the trustees, fifty-one of which came from 
le United States, the other thirty coming from fifteen 
fferent countries in Europe, Asia, North and South 
merica. The total number of grants made during 
his year was twenty-three, one of these being a con- 
ued annual grant. 

In the seventeen years of its existence the founda- 
on has made three hundred and ninety-four grants 
hich have been distributed to investigators in Arabia, 
'gentina, Austria, Belgium, Brazil, Canada, Chile, 
hina, Czecho-Slovakia, Denmark, Egypt, Estonia, 
nland, Franee, Germany, Great Britain, Greece, 
ungary, India, Iraq, Italy, Latvia, Lebanon, Nether- 
nds, North Africa, Norway, Palestine, Poland, 
ortugal, Roumania, South Africa, Sweden, Switzer- 


ws Syria, Venezuela, Yugoslavia and the Wnited 
tates, 
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ordinary procedures in a systematic manner. The 
second part of Tarski’s book illustrates the previously 
developed concepts of logic and methodology by set- 
ting up two equivalent systems of axioms for the real 
numbers. These are the axioms which lie at the basis 
of calculus and higher mathematical analysis. 

Throughout the book the symbolism is held to a 
minimum. The explanations are admirably clear and 
objective. The book itself is a considerably enlarged 
and improved version of a monograph previously pub- 
lished both in Polish and in German; the translation 
has been done by Olaf Helmer. This English edition 
contains much new material: many new and well- 
chosen exercises, some with hints and suggestions of 
further problems; some apt historical notes on the 
essential contributions of various logicians; a good 
critical bibliography; some eminently fair discussions 
of controversial issues, such as the distinction between 
the use and the mention of an expression and the diver- 
gent claims for “strict” and “material” implication. 
(On page 182 there is a disturbing misprint. In the 
second italicized statement, z : « should be replaced by 
z:a). All in all, this book is to be heartily recom- 
mended, both to the interested scientist who would like 
to discover what this logic business is all about and to 
the teacher searching for a dependable and accurate 
text for college courses in logie. 


SAUNDERS MACLANE 
HARVARD UNIVERSITY 


REPORTS 


The list of the investigators and the purposes of the 
research aided in the current year is as follows: 


Professor William H. Adolph, Peiping, China, studies 
in calcium and oxalate metabolism. 

Dr. Kenneth T. Bainbridge, Harvard University, bio- 
logical research with radioactive isotopes. 

Dr. Georg Barkan, Boston University School of Medi- 
cine, investigations in the field of hemoglobin determina- 
tions, 

Dr. E. L. Borkon, Southern Illinois State Normal Uni- 
versity, Carbondale, study of the compensatory hyper- 
trophy occurring in a remaining kidney in hypothyroid, 
normal and hyperthyroid albino rats. 

Dr. Siegbert Bornstein, Beth Israel Hospital, New 
York, continuation of investigations on the chemical con- 
stitution of the antigens within the Salmonella group. 

Dr. Austin M. Brues, Collis P. Huntington Memorial 
Hospital, Boston, studies on regulation of growth in tissue 
cultures. 

Professor D. R. Drury, University of Southern Cali- 
fornia School of Medicine, Los Angeles, continuation of 
work on the kidney and hypertension. 

Professor Herbert Elias, New York Medical College, 
study of the influence of various ductless glands on the 
threshold of the kidney. 
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Dr. George Fahr, University of Minnesota Medical 
School, investigation of the effect of strophanthosid K 
upon the heart failure produced by chloroform, potassium 
ion and chloral hydrate; and investigation of the effect 
of narrowing the circumflex branch and the descending 
branch of the left coronary artery upon cardiac hyper- 
trophy. 

Dr. Allan L. Grafflin, Harvard Medical School, analysis 
of functions of living organs in situ, study of frozen 
sections, tissue spreads, blood smears, ete., with and with- 
out the addition of fluorescent compounds. 

Dr. David E. Green, Harvard Medical School, work on 
the isolation of enzymes. 

Dr. F. B. Gordon, University of Chicago, search for an 
etiological agent in rheumatic fever by means of inocula- 
tion of fetal animals and by culture. 

Dr. Irvin M. Korr, New York University, research on 
the relation between tissue metabolism and physiological 
activity. 

Dr. Fritz Lipman, Cornell University Medical College, 
New York, continuation of work on pyruvie acid oxida- 
tion. 

Dr. Romano H. de Meio, Rosario, Argentina, South 
America, work on the action of sympathomimetric drugs 
on tissue respiration. 

Dr. Ernst P. Pick, New York, investigation of brain 
tissue in vitro. 

Dr. J. P. Quigley, Western Reserve University School 
of Medicine, Cleveland, study of the process of gastric 
evacuation. 

Dr. George J. Scheff, New Haven, study of fluorescence. 

Dr. A. K. Solomon, Harvard University, biological 
studies making use of artificial radioactive tracers. 

Professor Barnett Sure, University of Arkansas College 
of Agriculture, Fayetteville, continuation of research on 
the vitamin C phase of the hyperthyroid problem. 

Thorndike Memorial Laboratory, Boston City Hospital 
(Professor George R. Minot, Director), in recognition of 
Dr. Francis W. Peabody’s services to the foundation. 

Professor Charles W. Turner, University of Missouri 
College of Agriculture, Columbia, research on the endo- 
crinology of lactation. 

Dr. Earl Walker, University of Chicago, investigation 
of the eye movements elicitable from electrical stimula- 
tion on the striate, para- and peristriate cortex of the 
macaque monkey. 


In their first statement regarding the purposes for 


THE PREVENTION BY ALPHA-TOCOPH- 
EROL OF “COD LIVER OIL MUSCULAR 
DYSTROPHY” IN THE RABBIT! 


THE injurious effect of cod liver oil in the herbivora 
has been demonstrated by the extensive investigations 
of Madsen, McCay and Maynard,? and Davis, May- 


1 Supported by grants from the Research Corporation of 
New York and the Carnegie Institution of Washington. 
2L. L. Madsen, C. M. MeCay and L. A. Maynard, 
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which the Fund would be used, the trustees EXDressal V 
themselves as follows: ine 


For the present, researches will be favored that ane of 
directed towards the solution of problems in medicine and by 
surgery or in the branches of science bearing on medicine 
and surgery. esit 

As a rule, preference will be given to researches op, , ula 
single problem or on closely allied problems; it is hoped od 


that investigators in this and in other countries may bye SY 
found, whose work on similar or related problems may by imme! pL 
assisted so that more rapid progress may be majfillmaffo: 
possible. The 


Grants may be used for the purchase of apparatus ayj 
supplies that are needed for special investigations aj 
for the payment of unusual expenses incident to sud 
investigations, including technical assistance, but not fy 
providing apparatus or materials which are ordinarily , 
part of laboratory equipment. Stipends for the suppor 
of investigators will be granted only under exception 
circumstances. 
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In the past few years the policy outlined in pan, | 
me 


graph 2 has been neglected. During the present great 
need for funds, grants will be given in the sciencsj 
closely related to medicine without reference to special 
fields. The maximum size of grants will usually be 
less than $500. 

Members of the executive committee are: Dn 
George B. Wislocki, chairman; A. Baird Hastings 
Harry Plotz, Bernard Sachs, Paul J. Sachs, Soma 
Weiss, Joseph C. Aub, Secretary. 

Applieations for grants must state definitely the 
qualifications of the investigator, an accurate descrip- 
tion of the research, the size of the grant requested 
and the specific use of the money to be expended. In 
their requests for aid, applicants should state whether 
or not they have approached other foundations for 
financial assistance. It is highly desirable to include 
letters of recommendation from the directors of the 
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departments in which the work is to be done. uly te 
applications complying with the above conditions vil (1) 
be considered. E de 
Applications should be sent to Dr. Joseph C. Au ah: 
Collis P. Huntington Memorial Hospital, 695 Hu it 
ington Avenue, Boston, Massachusetts, U. S. A. alph, 
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nard and McCay.* Lesions of the skeletal muslé 
were observed in rabbits, guinea pigs, goats and she? 
fed cod liver oil. The possible role of vitamin 2 Ww 


discussed, but no definite conclusion was reached. 
nnn 


Memoir 178 of the Cornell University Agricultural Exp 
ment Station, 1935. 

3G. Davis, L. A. Maynard and C. M. McCay, cer 
217 of the Cornell University Agricultural Exper 
Station, 1938. 
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We have demonstrated‘ the antidystrophie action of 

i -alpha-tocopherol (synthetic vitamin E) in rabbits 
od a diet containing lard and cod liver oil, and have 
mmphasized the fact that the absence of physical symp- 
oms does not exclude extensive microscopic muscle 
esions.© Recently we have reported® that acute mus- 
ular dystrophy could be produced in the absence of 
od liver oil or other animal fats in rabbits reared on 
, svuthetic diet. The oral administration of 3 mg of 
sIpha-tocopherol 6 days a week to rabbits on this diet 
forded complete protection against muscle lesions. 
The preventive action of the vitamin E was counter- 
acted by the oral administration of 1 ce of cod liver 
nil soon after the vitamin E. 

In more recent experiments employing the same syn- 
hetic diet, we attempted to prevent the action of cod 
liver oil by administering 6 mg of alpha-tocopherol’ 
orally on Mondays, Wednesdays and Fridays, and 2 cc 
of cod liver oil on Tuesdays, Thursdays and Satur- 
ays. This procedure was employed by Shimotori, 
Emerson and Evans® in preventing dystrophy in 
ruinea pigs on a synthetie diet. The rabbits supple- 
mented in this manner developed lesions of the skele- 
al muscles equaling in severity those produced when 
ithe same levels of alpha-tocopherol and cod liver oil 
ere administered within a few minutes of each other, 
hree times a week. In both cases the lesions were 
frequently not accompanied by overt symptoms. 

However, when the dosage of alpha-tocopherol was 
increased to 40 mg every other day, the administration 
of 2 ce of cod liver oil on alternate days was without 
effect. No microscopic lesions were detected in the 
skeletal muscles. Thus it is clear that alpha-tocopherol 
when administered in sufficient amounts and under the 
onditions deseribed protects the rabbit against mus- 
ular dystrophy produced by the administration of 
od liver oil. 

The following propositions have now been demon- 
strated on rabbits receiving the same basal ration: 
(1) severe dystrophy develops in rabbits on a vitamin 
E deficient diet in the absence of cod liver oil; (2) 
ilpha-tocopherol prevents this dystrophy; (3) cod 
iver oil counteracts the antidystrophie action of 
tlpha-tocopherol and produces muscle lesions, (4) 
increasing the alpha-tocopherol sufficiently prevents 
the dystrophie aetion of cod liver oil. It seems prob- 
able that this quantitative relationship also applies to 


*C. G. Mackenzie and E. V. McCollum, Jour. Nutrition, 
19; 345, 1940, 

50, G. Mackenzie, M. D. Levine and E. V. McCollum, 
Jour, Nutrition, 20: 399, 1940. 

6. G. Mackenzie, J. B. Mackenzie and E. V. McCollum, 
Jour. Nutrition, 21: 225, 1941. 

‘We are indebted to Merck and Company, Ine., for the 
Supply of alpha-toeopherol. 

3 N, Shimotori, G. A. Emerson and H. M. Evans, Jour. 
Nutrition, 19: 547, 1940. 
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other species in which cod liver oil produces lesions 
of the skeletal muscles. A detailed report of these 
experiments will be published elsewhere. 


C. G. MACKENZIE 
JULIA B. MACKENZIE 
E. V. McCoittum 
ScHOOL OF HYGIENE AND PUBLIC HEALTH, 
THE JOHNS HOPKINS UNIVERSITY 


THE APPARENT EFFECT OF TYROTHRY- 
CIN ON STREPTOCOCCUS HEMOLYTI- 
CUS IN THE RHINOPHARYNX 
OF CARRIERS 

As yet no satisfactory method of eliminating patho- 
genic bacteria from the rhinopharynx of carriers has 
been devised. To this end a large number of chem- 
ical and physical agents have been unsuccessfully em- 
ployed. Under the present conditions of shifting in- 
dustrial populations and mobilization of troops, the 
problem again becomes urgent. 

Dubos’s recent isolation of a bactericidal substance 
from a soil bacillus (“tyrothrycin’”)?? * suggested 
that this agent might be effective in clearing the rhino- 
pharynx of certain bacteria such as hemolytic strepto- 
coceus, meningococcus, pneumococcus and the dipth- 
theria bacillus. 

From cultures of B. brevis kindly furnished by Dr. 
Dubos, “tyrothrycin” was prepared according to the 
procedure which he has described.* The material was 
found to exert in vitro a lethal action on 18-hour broth 
cultures of hemolytic streptococcus, staphylococcus 
aureus and diphtheria bacillus (gravis strain) in a 
final dilution of 1: 1,000,000, and on recently isolated 
strains of meningococeus (Type I) in a dilution of 
1: 100,000. The alcohol soluble fraction diluted 1: 100 
in normal saline containing 2.5 per cent. glycerine 
was introduced as a spray into the nose and throat of 
monkeys (M. mulatta) and of man. By means of 
copious spraying an attempt was made to cover as 
completely as possible the entire nasopharynx. This 
was often preceded by preliminary cleaning and 
shrinking of the mucous membranes. The active 
agent being insoluble in aqueous solution, vigorous 
shaking of the suspension was required immediately 
before use. 

Separate nose and throat cultures from human 
beings were carried out for the demonstration of 
hemolytic streptococcus according to the method of 
Mueller.* 


1R. J. Dubos, Jour. Exp. Med., 70: 1, 1939. 

2R. J. Dubos and R. Hotchkiss, Jour. Biol. Chem., 136: 
803, 1940. 

3R. J. Dubos and R. Hotchkiss, Jour. Exp. Med., 73: 
629, 1941. 

4J. H. Mueller and L. Whitman, Jour. Bact., 21: 219, 
1931. 
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Preliminary trials in two monkeys which were given us by Dr. Edwin H. Place and the staff o¢ th 


found to carry in the nasopharynx and throat gram 
positive hemolytic streptococci and gram negative 
hemolytic bacilli (Hemophilus hemolyticus?) sug- 
gested that both these bacterial species disappeared 
within 2 hours following the administration of tyro- 
thryecin. Cultures taken 5 days after a single treat- 
ment revealed no hemolytic colonies in the case of one 
monkey, whereas in that of the other they appeared 
only in the throat cultures. Following a second ap- 
plication at this time all cultures were negative within 
3 hours. Repeated cultures remained negative for at 
least 4 days without further treatment. No local or 
general reactions to the material either in these ani- 
mals or in a human volunteer were observed. 
Accordingly, 5 human carriers of hemolytic strepto- 
eoccus were treated. Two of them had been persistent 
nasal carriers for two months following scarlet fever, 
and 3 were convalescent in the third week of this 
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South Department of the Boston City Hospitg), 
EMANUEL B. Scuornsicy 
JOHN F. ENDERS 
J. Howarp MUELLER 


DEPARTMENT OF BACTERIOLOGY AND 
IMMUNOLOGY, 
HARVARD MEDICAL SCHOOL 


DEVELOPMENT OF HOMEOTHERMy 
IN BIRDS 

AvuvuLtT birds are grouped with mammals as hong. 
thermic or warm-blooded. The development 
homeothermy occurs in the early life of the individy 
and corresponds to the increase in body temperatyy 
above that of the environment. This is accomplish 
through the appearance of special heat-regulatixg 
mechanisms presumably located in the base of th 
brain, in hypothalamus.’ 

Observations show that homeothermy in birds occu 
either early or late in the development, dependixy 











disease. The results are presented in Table I. Onl largely upon the developmental state of the young y 
p y ge1y up p young 
TABLE I 
DATE OF CULTURE 

Carrier 6/13 6/14 6/15 6/16 6/17 6/18 6/19 6/20 6/21 6/23 
er (N} ++ 0 0 0 0 0 0 0 0 0 
; iz) 8 Bray ®t S 0 S 0 S 0 SS# 0 SSH 0 #H# 0 4 

* McD iN nd nd nd ++ + + 0 0 0 0 
kiktt 2 oe S nd S + S++ S8S#0 SSH + ## 0 8 

a N +H4+ +444 torte ++ +444 + ++ ++ 0 0 
7 +44 +H S +++ S +++ S ++ SS# + SS# 0 ## 0 0 0 

+ McC Ni} +++ ++ + ++ 0 0 0 + 0 0 
is. + S++ 8 ¢ S 0 SS#0 SS# 0 ## 0 4S 

+E in +++ t+4+++ tot a +++ + 0 0 ~ t 
UT 0 ++ S +++ S + S ++ SS# + SS# 0 HH + 0 0 








*—Chronic carrier. 
+++ —many col. ; ++++—pure culture with plate hemoly 
#—Preliminary cleansing before spray. 
by 16—24 hours at all times. 


in the case of carrier L was an immediate reduction 
in the number of streptococci obtained. In the others 
it was not until the fifth day that a striking diminu- 
tion or disappearance of the organisms occurred, al- 
though 3 to 4 sprayings had been administered. This 
abrupt change on the fifth day we ascribe to the more 
intensive application of the tyrothrycin begun at that 
time which seemed warranted by the entire absence of 
reactions from the smaller orienting doses. These 
preliminary observations are insufficient to indicate 
the value of tyrothrycin in the elimination of hemo- 
lytic streptococcus from carriers. They are suffi- 
ciently encouraging, however, to justify further trial 
of the material not only against this type of carrier 
but against others harboring diphtheria bacilli, 
meningococci and pneumococci. We are now investi- 
gating these possibilities. 

We gratefully acknowledge the clinical assistance 


+—Convalescent scarlet fever patient. 
. nd—Culture not received. 
#+2#—Spraying stopped at this time. 


+—1 col. on plate; +—2-5 col. on plate; ++ —5-10 col; 
S—Spraying. SS—Two sprayils 
°__Spraying preceded subsequent cultur 


hatching. With altricious birds (pigeon, pelican), tt 
young of which are naked and helpless for a while, tle 
mechanism for the control of body temperature 0 
not become effective until several days after hatchim 
Kendeigh and Baldwin? * showed on the house wa 
that the body temperature of a nestling rises abv’ 
the external temperature primarily during the four 
to ninth days after hatching. On the other hand, wil 
precocious birds (chick, turkey, pheasant) the yout 
of which are covered with down and soon leave t* 
nest, the mechanism for the control of body tempe 
ture becomes effective much earlier, presumably be 
fore hatching. 

As to the time of the development of homeothet™ 


19, W. Ranson, Rev. Publ. Assn. Nerv. Ment. Dis. *! 
342-399, 1940. i 

28. C. Kendeigh and S. P. Baldwin, Am. Naturalist, 
249-278, 1928. 

3S, P, Baldwin and 8. ©. Kendeigh, Cleveland 
Nat. History, 3: 1-196, 1932. 
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bvement or of 


the chick, Pembrey et al.* 5 suggested, on the basis 
response in gaseous metabolism to changing tem- 
atures, that it occurs just before hatching. How- 
nr, the observations of Eycleshymer* and Penjonsch- 
vitsch and Rotanow’ indicate that the temperature 
the developing egg begins to rise above the tem- 
ature of the incubator sometimes during the mid- 
riod of embryonic development. 
Ve have made a further and more detailed study 
the temperature changes of the developing chick 
the method of cultivation in an opened egg.*:® The 
tted data in Fig. 1 in general agree with previous 
estigations, perhaps with the exception that at later 
ges of incubation the values are not so low as those 
Eyeleshymer,® observed in water at 36.7° C., and 
b 80 high as those of Penjonschkewitsch and 
tanow,’ observed in a still-air type incubator at 
5° C. It is not unusual to observe such variation 
ause both hypo- and hyperthermia in precocious 
ds ean be produced experimentally’® even after 
ching when there is a depression or elevation in 
> environmental temperature. 
Our curve demonstrates that the developing chicken 
y, although producing heat, at first behaves as a 
ikilothermie or “cold-blooded” animal. In a few 
ys of incubation the temperature of the egg rises 
ove that of the temperature of the incubator, and 
> embryo gradually becomes a homeothermic or 
rarm-blooded” animal. However, the true homeo- 
ermy presumably is not aequired by the chick until 
e fourth or fifth day after hatching™ 
It is also interesting to note that the rise in tem- 
rature of the developing egg is not uniform but is 
newhat periodic. The periods of decline in the tem- 
rature of the egg about the 9th or 10th day and 
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Fie. 1. Temperature changes of the developing eggs. 


Each dot represents the average value of several measure- 
ments on an individual egg. Circles indicate the tempera- 
ture measurements of infertile eggs. All observations 
were made in the glass top incubator with slow air move- 
ment at the temperature on the level of thermocouple 
37.75° C. 


the 15th or 16th day coincide with the observed cyeli- 
cal suppressions in the growth rate of the embryo.? 
Auexis L. RoMANOFF 
CORNELL UNIVERSITY 


SCIENTIFIC APPARATUS AND LABORATORY METHODS 


AN A. C. OPERATED ELECTRONIC 
INDUCTORIUM 


Aut the various types of electronic inductoria with 
lich the writer is familiar seem to have been designed 

do some specific task and, consequently, little 
bught seems to have been given to the general appli- 
bility or low cost of these designs.1_ There has been 


‘— ; and M. H. Gordon, Jour. Physiol., 16: 
vil, . 

M. 8. Pembrey, M. H. Gordon and R. Warren, Jour. 
yevol., 17: 331-348, 1894-95. 

*A. C. Eycleshymer, Biol. Bull., 12: 360-374, 1907. 
E. E. Penjonschkewitsch and A. N. Rotanow, Arch. 


fugelkunde, 8: 369-383, 1934. 





at L. Romanoff, Anat. Rec., 48: 185-189, 1931. 

his method permits to maintain a very uniform tem- 
ure in the egg free from interferences either of air 
changes in atmospheric pressure caused 
The measurements were 


rat 


the presence of egg-shell. 





a need for an inductorium that would answer the every- 
day requirements of a physiology laboratory at the low | 
cost and great convenience associated with most elec- 
tronic devices. 

Several inductoria have been constructed here which 
make use of the familiar saw-tooth wave generator 
circuit. They have been used for three years in the 
physiology and the pharmacology departments and 
have given trouble-free service with a considerable sav- 
ing in the usual time of experimentation. The circuit 





made by a thermocouple through the window of the egg 
at temperature of 37.75° C. 

10 J. C. Scholes, Thesis, Cornell University, 1938. 

11W. F. Lamoreux and F. B. Hutt, Poultry Sci., 18: 
70-75, 1939. 

12 A. L. Romanoff, Scrence, 70: 484, 1929. 

1. A. Fender, Scrence, 89: 491, 1939; O. A. Schmitt 
and O. F. Schmitt, ibid., 76: 328, 1932; O. A. M. Wyss, 
ibid., 84: 431, 1937. 
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diagrammed here provides frequency of stimulating 
impulses adjustable between the range of 2 to 60 im- 
pulses per second. Voltage and frequency are inde- 
pendently controlled by dials, single stimuli are ob- 
tained by operation of a push-button and a signal 
magnet is operated simultaneously with stimuli. 

Fig. 1 is the schematic diagram of the stimulating 
voltage cireuit. Variable resistor R, controls the fre- 
quency of the discharge of condenser C, through the 
primary of the transformer T,. Stimulating voltage 
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T,, T, : 35-40 watt power transformer, 650 Y, 
6.3, and 5 volt secondaries 0. 

Tubes : 5W4 rectifier; 0A4—G gas-filled tube ) 

R, : 2 meg variable resistor bitu 
SW, : SPDT switch i To 

R, : 20,000 ohm wire wound potentiometer Pa 
SW, : SPST switch (mounted on R,) oe 

R, : 30,000 ohm 4 W. RB, : 5,000 ohm 2W 

Rs, Ry : 100,000 ohm 1 W no 

C, : 0.1 mfd., 1,000 v condenser Cor 

C, : 8 mfd., 450 working volts electrolytic silt 
condenser Me 
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is controlled by adjusting R,. It is apparent that 
there is no interaction of controls R, and R,. In Fig. 
2 the schematic diagram for obtaining single stimuli is 
shown, and Fig. 3 is the actual circuit diagram of the 
entire apparatus. 

In Fig. 3, switch SW, is a CRL type 1467, which 
functions in one position as a push-button, or key, and 
in the other position as a toggle switch. SW,, which 
mounts on the frequency control, R,, changes the cir- 
cuit from that of Fig. 1 to that of Fig. 2. A ground 
wire for the chassis of the instrument is provided to 
prevent stray contractions caused by stray charges in 
the instrument. 

All components mount in a commercial cabinet, 
6” x 6” x 6”. The controls and switches are on the top 
cover of the cabinet, and all other parts mount on a 
5” x 5” sub-panel, suspended below the top cover. 

Values of the parts, available at all large radio sup- 
ply stores, follow: 
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A. B. Cuuten, k 
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